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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 9 – PACIFIC SOUTHWEST REGION 


75 Hawthorne Street 
San Francisco, CA  94105-3901 


 


 
Via Electronic Mail and First Class Mail 
Javier Del Rio 
HudBay Minerals, Inc. 
Vice President, South America and USA 
5255 East Williams Circle, Suite 1065 
Tucson, AZ 85711 
javier.delrio@hudbayminerals.com 
 
 
RE:  Request for Information under Clean Water Act (CWA) Section 308(a)  


Unauthorized discharges to waters of the U.S. in Rosemont Copper World, Pima County, AZ 
EPA Docket No. CWA-308-9-22-032 


 
Dear Javier Del Rio, 
 
The U.S. Environmental Protection Agency, Region 9 (EPA) is requesting information from you about 
the work that you and HudBay Mineral, Inc. planned or performed since at least April 2022 at a project 
site known as Rosemont Copper World in Pima County, Arizona that may have resulted in the 
placement of material (dirt, rock, or similar material) into water of the U.S., and whether that work 
complied with the requirements of section 404 of the Clean Water Act (CWA), 33 U.S.C. § 1344. We 
request this information pursuant to EPA’s information-gathering authority under section 308 of the 
CWA, 33 U.S.C. § 1318. Please provide us your response to the questions in the attached Request for 
Information by August 31, 2022, by email to: 
 


Scott McWhorter 
U.S. Environmental Protection Agency, Region 9 
Enforcement and Compliance Assurance Division ENF 3-2 
Mcwhorter.Scott@epa.gov 


 
Your response to this Request for Information must be accompanied by the following certification 
signed by you or your duly authorized representative: 
 


I certify under penalty of law that this document and all attachments were prepared 
under my direction and the information submitted is, to the best of my knowledge and 
belief true, accurate, and complete. I am aware that there are significant penalties for 
submitting false information, including the possibility of fine and imprisonment for 
knowing violations. 


 
You may not withhold from EPA any information on the grounds that it is confidential business 
information. However, EPA has promulgated regulations, under 40 C.F.R. Part 2, Subpart B, to 
protect confidential business information it receives. A legally supportable claim of business 
confidentiality may be asserted in the manner specified by 40 C.F.R. § 2.203(b) for all or part of 
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the information requested by EPA. EPA will disclose business information covered by such 
claim only as authorized by 40 C.F.R. Part 2, Subpart B. If no claim of confidentiality 
accompanies the information at the time EPA receives it, EPA may make it available to the 
public without further notice. All confidentiality claims are subject to EPA verification. 
 
Failure to comply with this Request for Information can result in an enforcement action for 
appropriate remedies, including penalties, under section 309 of the CWA, 33 U.S.C. § 1319. 
Compliance with this Request for Information does not relieve you of the obligation to comply 
with the CWA or other applicable laws and permits. 
 
This Request for Information is not subject to review by the Office of Management and Budget 
under the Paperwork Reduction Act because it is directed to fewer than ten persons and is 
therefore not a “collection of information” under 44 U.S.C. § 3502(3). It is also an exempt 
activity under 44 U.S.C. § 3518(c) and 5 C.F.R. § 1320.4. 
 
Thank you for your cooperation and prompt attention to this Request for Information. If you 
have any questions regarding this Request for Information, please contact Scott McWhorter, at 
415-972-3584 or at mcwhorter.scott@epa.gov. Your attorney may contact Rich Campbell in our 
Office of Regional Counsel at 415-972-3870 or at campbell.rich@epa.gov.   
  
     Sincerely, 
 
 
 
 
     Jamie Marincola, Supervisor 


Stormwater, Wetlands, and Oil Section 
     Enforcement Compliance and Assurance Division 
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Request for Information 
EPA Docket No. CWA-308-9-22-032 


 
EPA requests that you, Javier Del Rio, provide information about the activities that you and any other 
persons acting on behalf of HudBay Minerals, Inc. conducted at the Rosemont Copper World site.  
 


INSTRUCTIONS 
 


1. Separate Response for Separate Question. Provide a separate narrative answer to each question 
and segregate responsive documents by each question or its subpart. Precede each answer with 
the number of the corresponding question or its subpart. 


 
2. Best Information Available. Respond to the best of your ability, even if documents are not 


available. Explain any qualified response. If you do not have the responsive information but 
know the person from whom the information may be obtained, identify the person. 
 


3. Document Submission. Provide copies of all responsive documents in your possession, custody 
or control. If a responsive document was, but no longer is, in your possession, custody or control, 
explain what was done with it. If another person has possession, custody or control of the 
document, identify the person. If the document was disposed of, explain when and why it was 
disposed of and who disposed of it. 
 


4. Use of Document in Place of Answer. If a document provides the complete answer to a question, 
you may use it in place of a written answer by supplying the document and appropriately 
identifying the applicable portion of the document as answering a specific numbered question. 
 


5. Document Alteration or Deletion. Explain the reason and identify the person responsible for any 
deleted, altered or redacted portion of a submitted document. 
 


6. Obligation to Correct. If you later discover that any submitted information is incorrect, submit a 
corrected response as soon as possible. 
 


7. No Effect on Other Legal Obligations. This Request for Information in no way alters or relieves 
you of other legal responsibilities or restrictions, including under the CWA. 


 
DEFINITIONS 


 
The following terms have the following definitions: 
 


1. “Document” means all written, recorded, computer generated, or visually or aurally reproduced 
materials of any kind in any medium in your possession, custody or control or known by you to 
exist, including all originals, drafts and non-identical copies. The term includes, without 
limitation, all reports, studies, surveys, plans, transcripts, permits, licenses, deeds, maps, 
drawings, schematics, specifications, instructions, calculations, monitoring data, rental records, 
contracts, agreements, bid documents, purchase orders, work orders, invoices, manifests, 
payment records, spreadsheets, communication records, correspondence, notes, memoranda, 
photographs, and videos. 
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2. “You” shall mean Javier Del Rio, HudBay Minerals, Inc., and any person working for, with, or 
on behalf of Javier Del Rio or HudBay Minerals, Inc. 


REQUEST FOR INFORMATION 
 
Please provide the following Documents by August 31, 2022. If no such documents exist, then provide 
a clear and explicit explanation as to why they do not exist. Please identify your answers as “1”, “2”, 
“3.a.”, “3.b.”, etc., to correspond to the questions. 
 


1. Please provide all Documents that granted you access (e.g., including ownership status) to 
the project site known as Rosemont Copper World located in Pima County, Arizona (“the 
Site”), including areas at Latitudes and Longitudes (31.877016, -110.805264),       
(31.869940, -110.799660), and (31.860868, -110.786564). 


2. Please describe, and provide Documents to show, the efforts you made to comply with 
section 404 of the Clean Water Act for any work resulting in the placement of dirt, rock or 
other materials in or near waters of the U.S. (“the Project”) at the Site. 


3. Please describe and provide all Documents related to the Project at the Site including, but not 
limited to: 
 
a. The date and time the Project began and ended; 
b. The Project’s location and size; 
c. The Project’s nature and purpose, including:  


i. The Project proposal and any related Documents. If no such proposal exists, 
describe the nature and purpose of the project. If you developed the proposal in 
coordination with another entity, provide the name of that entity and describe its 
relationship to You; 


ii. Any Documents relating to the funding of the Project; 
iii. A description of all alternatives that were considered or evaluated, as well as any 


associated Documents;  
d. The identity of all persons involved in approving the Project; 
e. The identity of all persons involved in conducting the Project 
f. The type of equipment used for the Project; 
g. A list of all materials (e.g. dirt, rock, cement, culverts) used for the Project and where 


they originated from. Identify the type, volume, and location(s);  
h. A list of all persons who operated equipment in completing the Project, including the 


vehicles that transported the material to the Project area; 
i. Copies of all invoices or work orders related in any way to earth disturbance, blasting, 


and/or construction conducted since April 1, 2022 associated with the Project; 
j. All reports, evaluations, and/or Site plans that relate to the Site, including soil reports, 


surveys, farm plans, engineering, and construction reports prepared at any time. If you 
are not in possession of any of the reports listed above, please indicate the names, 
addresses, and telephone numbers of the parties who you believe may be, have been, or 
are in possession of such documents; and 


k. All photographs, videos, and other visual Documents depicting the area before, during, 
and after work at the Project. 
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4. Please describe and provide all Documents related to the aquatic resource at the Site, 


including but not limited to: 
 
a. All information describing the aquatic resources at the Site, including:  


i. any maps, aerial photos, or diagrams used to identify waters or wetlands including 
washes, streams, and drainages. 


ii. any wetland mapping or delineations, Ordinary High Water Mark mapping or 
delineations, and/or description of streams, waters or wetlands for the Site, 
including Site photos and datasheets.  


iii. any upland background chemistry data including metals (including calcium) 
concentrations collected from the Site and west side of the Santa Rita Mountains 
and areas downstream to and including the Santa Cruz River.  


iv. any reports describing the biological, physical, or chemical characteristics of 
waters or wetlands on the Site and downstream to the Santa Cruz River.  


v. any information on flow, rainfall, stormwater, surface hydrology, and subsurface 
hydrology from the Site and downstream to the Santa Cruz River.  


 
5. Provide all Documents related to any Clean Water Act permits or authorizations for the 


Project and all efforts you made to inquire about or obtain authorization and/or permits for 
the Project, including but not limited to: 
 


a. Any communication between You (and any other parties that were involved in the 
Project’s development and implementation) and any federal, state, or local government 
agencies, including the U.S. Army Corps of Engineers, Arizona Department of 
Environmental Quality, relating to the Project. 


b. Any application for National Pollutant Discharge Elimination System permit coverage, 
including associated Stormwater Pollution Prevention Plan. 


 
When responding to the questions below, please see the referenced documents.  
 


6. Referring to Figures 2, 3, 4, and 5 in the March 10, 2022 Letter from HudBay to Pima 
County, provide the following information:  
 
a. A description of any work activities that have occurred in any type of intermittent or 


ephemeral wash or drainage.  
b. Photographs of the work areas from 2021 and 2022.  
c. Aerial photos and remote sensing information of the work areas from 2021 and 2022.  
d. Any engineering plans and drawings including grading, road construction, culvert 


placement, and work pads.  
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7. Referring to Figure 6: Site Water Management – Closure from the March 10, 2022 Letter 
from HudBay to Pima County, identify the location and description of any work associated 
with stormwater facilities related to the Project.  


 
  


8. Referring to the Connectivity Report attached as Exhibit 1.3 to Rosemont Copper Company’s 
Response to Tribes’ Motion for Temporary Restraining Order and Tribes’ Memorandum in 
Support of Motion for Temporary Restraining Order (Case 4:19-cv-00177-JAS, Document 
129-5, Filed 04/29/22) provide the following:  
 
a. Data collection field sheets or logbooks  
b. Raw data collected during the biological, physical and chemical sampling, including 


chemical concentrations used to develop longitudinal plots shown in above at           
pages 12-24.  


c. Analysis reports for soil and plant samples   
d. Analysis reports for water samples   
e. Field photographs  


  
9. Referring to the Transport Analysis attached as Exhibit 1.2 to Rosemont Copper Company’s 


Response to Tribes’ Motion for Temporary Restraining Order and Tribes’ Memorandum in 
Support of Motion for Temporary Restraining Order (Case 4:19-cv-00177-JAS, Document 
129-4, Filed 04/29/22) provide the following:  
 
a. Data collection field sheets or logbooks  
b. Raw data collected during the biological, physical and chemical sampling  
c. Analysis reports for soil and plant samples   
d. Analysis reports for water samples   
e. Field photographs  
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H.•DBAY 


March 10, 2022 


HAND DELIVERED 


Regional Flood Control District 
201 N. Stone Avenue, 9th Floor 
Tucson, AZ 85701 


RE: Rosemont Copper Company ("Rosemont") Notice of Exempt Activities 


Dear Regional Flood Control District Board: 


Rosemont owns certain private land in the northern Santa Rita Mountains, in an historic mining 
area called the Helvetia Mining District. Rosemont anticipates starting clearing, grading, 
stockpiling and other earthwork activities related to the construction of tailings and waste rock 
storage facilities on this land in April. The facilities will be used in connection with Rosemont's 
future mining and metallurgical operations. 


In accordance with A.R.S. § 48-3613 and Pima County Code§ 16.12.020, Rosemont submits for 
review and comment only and not for any approval or permitting, plans for these facilities. The 
attached plans are being submitted for the Board's review and comment. Specifically: 


1. Figure 1: Vicinity Map
2. Figure 2: Proposed Project Facilities - Overall
3. Figure 3: Proposed Project Facilities - View 1
4. Figure 4: Proposed Project Facilities - View 2
5. Figure 5: Proposed Project Facilities - View 3
6. Figure 6: Site Water Management- Closure


Figures 2-5 show the location of the project facilities relative to Pima County's designated 
floodplains in the area. Figure 6 shows the routing of stormwater around and through the site 
once the facilities are fully constructed. 


Rosemont Copper Company 


5255 Eas t Williams Circle. Suite 1065 


Tucson, Arizona 85711 


United States 


tel 520 495-3500 


hudbayminerals.com Page 1 of 1 
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		HudBay Figures 1-6 to March 10, 2022 Letter
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Connectivity Report for Rosemont Copper World Project 


1.0 EXECUTIVE SUMMARY 


The Rosemont Copper World Project (Project) is a proposed copper mine located on private property 
owned by Hudbay Minerals (Hudbay) in the Santa Rita Mountains south of Tucson, Arizona. The 
purpose of this report is to analyze ephemeral drainages within the Project’s private land with respect 
to a physical, biological, and chemical connection to the Santa Cruz River, especially the stretch of the 
Santa Cruz River known as “Study Reach B” (USEPA, 2015).  


This report explores potential connections between on-site washes and Study Reach B by looking at 
the following data: 


1. Physical connection: Tracing potential flow drainages and obstructions using evidence from 
soil chemistry and visual sediment transport to determine the likelihood of concurrent water 
throughout the noted feature.  


2. Chemical connections: Tracing chemicals carried by stormwater through the ephemeral 
drainages. 


3. Biological connections: Chemical extraction and biological contributions through plant 
samples, organic matter in soil samples and field investigations to determine biotic integrity. 


A physical connection is the determined analysis of a variety of observations to conclude whether water 
that originates at the Helvetia Project site travels to Study Reach B. Satellite imagery was used to 
define the potential water flow paths. Field reconnaissance following storm events investigated water 
scouring marks, visual sediment transport, and residual debris to determine the active drainage 
channel and path; it is noted that high-water marks are defined for a stream with a regular water level 
present and are not relevant in this study. All features noted are ephemeral in nature and represent 
erosional features. The study focused on the Helvetia drainage (named Helvetia Gulch) where there 
was clear evidence of human alterations to its path by agricultural fields, residential areas, and 
roadways. Although the natural path of the drainage was diverted, it could be extrapolated as a 
continuous path from the Helvetia area to the Santa Cruz River. Significant rainfall likely greater than 
any rain event experienced in the last 65 years (since mining ceased within the study area) would be 
required for water to reach the Santa Cruz River from the Copper World site based on chemical and 
sediment transport evidence discussed in this report, as there is no conclusive evidence of 
contaminants from this area previously reaching the Santa Cruz River. 


Geographically, numerous ephemeral drainages contribute to the drainage system feeding the Santa 
Cruz River and ultimately Study Reach B. The Helvetia drainages compose an insignificant fraction of 
the watersheds that contribute to its drainage basin. Additionally, most rain events during 2021 that 
resulted in the Santa Cruz River flowing occurred simultaneously within isolated areas closer to the 
Santa Cruz River. These isolated rain events occurred through southeast Arizona and made it 
impracticable to observe water continuously flowing from the Project area to the Santa Cruz River. 
Sediment samples and stormwater samples focused on determining how far water travelled from the 
Project site with the premise that the contaminated water originating from historic mine spoils would 
show a chemical signature in sediment and stormwater samples. Sediment and water chemistry was 
analyzed by physical transport of solids (total concentrations) and by aqueous form then precipitated 
solids (leachable, dissolved concentrations).  


Chemical connectivity was analyzed using sediment and stormwater samples that were collected at 
the Helvetia Historic Mine Spoils (Columbia Smelter Slag Dump), Tip Top Mine, and Ridley Mine; 
downstream to the Santa Cruz River; 16.5 miles through the River to the start of Study Reach B; and 
through 12 miles of the Study Reach B segment of the Santa Cruz River. Study Reach B begins over 
39 miles downstream from the Tip Top Mine and Columbia Smelter Slag Dump; a total of 51 miles of 
drainages were analyzed. Various chemical constituents including copper, zinc, antimony, arsenic, 
lead, molybdenum, selenium, mercury, and sulfur were analyzed. These chemicals were highly 
concentrated in the sediment samples near the historic mine features. Most high chemical 
concentrations drop dramatically in short distances, 7.5 miles, from the sources, decreasing further 
with distance. An uptake of chemical elements due to residential disturbance, agriculture, and 
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Connectivity Report for Rosemont Copper World Project 


roadways raised the signature after the 7.5 mile drop and then dropped again showing no elevations 
of chemicals above background levels beyond 17.4 miles from the site. This indicates that there is no 
chemical connectivity to Study Reach B section of the Santa Cruz River. A distance of 17.4 miles 
travelled from the source is a conservative estimate due to the additional residential and commercial 
sources encountered at 7.5 miles. The stormwater sample findings show that there is no conclusive 
evidence of any physical sediments or precipitation of contaminants from solution in stormwater above 
background levels beyond 10.4 miles from site. Results convey that water leaving the Copper World 
Project site is fully absorbed into the soil within short distances. 


With regards to biological connectivity to the Study Reach B, a three-step analysis was performed. 
First, a biotic integrity assessment was conducted in the field within the Helvetia drainage (from the 
Columbia Smelter to the confluence with the Santa Cruz River) to confirm satellite imagery 
assumptions. With the human alterations to the drainage path, erosional features and large amounts 
of bare ground indicate soil and site instability and poor hydrological functions. These indicators lead 
to discontinuity of vegetation lining the ephemeral drainage, a lack of biodiversity, and overall poor 
biotic integrity. Second, an analysis of organic material was measured in the soils under mesquite trees 
throughout the ephemeral drainage. Organic matter measurements were used to determine if there 
was material of nutrient value transported via the drainage that would benefit aquatic or plant species 
downstream. The organic matter contribution of the soil was relatively low throughout the ephemeral 
drainage with an average value of 2.7%. A third analysis was done to test the effect of potentially 
contaminated water that would uptake into plants that could eventually die and be transported 
downstream. Mesquite trees provided a natural extraction of chemicals from the soil and water that 
included zinc, molybdenum, and selenium. Selenium in plant leaves dropped below the local mean at 
3.0 miles, and zinc below local mean at 4.0 miles below the source. Although molybdenum was 
extracted by plants, it was disqualified as a tracer as mesquite trees are likely extracting it from the 
groundwater rather than the surface flow.  


 To summarize, the combination of these complementary biological studies show that plant uptake of 
available contaminants does not persist beyond 4.0 miles from the Project site, the soil is devoid of 
organic material that is not likely to contribute beneficially to aquatic or plant species downstream, and 
discontinuous vegetation contributing to poor biotic integrity concludes that there is no biological 
connectivity to the Santa Cruz River let alone Study Reach B located 16.5 miles further downstream 
of the Santa Cruz River confluence. The chemical signature in sediment does not persist more than 
17.4 miles from the Project site, and the chemical signature in stormwater does not persist more than 
10.4 miles from the Project site. Based on the data collected and analyzed in this study, it is clear that 
there is no physical, chemical, or biological connection between the Helvetia area and Study Reach B 
of the Santa Cruz River. 
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Connectivity Report for Rosemont Copper World Project 


2.0 INTRODUCTION  


The Rosemont Copper World Project (Project) is located approximately 25 miles southeast of Tucson, 
Arizona within the historic Helvetia mining district on private lands owned by Hudbay Minerals 
(Hudbay). Ephemeral drainages (washes) within the Project’s private lands may be considered 
jurisdictional under the Clean Water Act but they must compose a “significant nexus” to a downstream 
“traditional navigable water” (TNW) by exhibiting a physical, biological, and chemical connection. The 
objective of this report is to determine if there is a chemical, physical, and biological connection to a 
TNW through a scientific study. Hudbay asserts that the nearest downstream TNW is located at the 
confluence of the Gila River and the Colorado River near Yuma. However, to be conservative, this 
study examined the connection of the Project site to the area noted in Figure 1 below as Study Reach 
B (SRB). 


The historic town of Helvetia is located on the western flank of the Santa Rita Mountains. The Columbia 
Smelter slag dump, located just south of the Helvetia townsite, was used to process the copper ore 
and slag from the smelting process was deposited directly into the wash. Several small mines and 
numerous other mine workings are located in the hills surrounding Helvetia, including Tip Top Mine to 
the north and Ridley Mine to the southwest, both have visible waste piles of potentially acid generating 
material deposited near drainages. These mines and the smelter were identified as potential sources 
of chemicals to trace downstream. To the northwest, the foothills of the Santa Rita Mountains fade to 
an alluvial fan that drains during episodic precipitation events through ephemeral drainages and 
eventually to the Santa Cruz River that runs south to north in the valley bottom. See Figure 1 for an 
overview of the sampling areas. 


 


Figure 1. Overview of Sampling Locations. Note the location of Study Reach B, which will be assumed 
the TNW.  
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Figure 2. Photos of Source Locations. Tip Top Mine (in production from 1899 – 1956), Ridley Mine (1909 – 
1929), Columbia Smelter Slag Dump (1903 – 1951) are used as source locations for potential uncontrolled 
contaminant release in the ephemeral washes studied.  


This study analyzed stormwater and sediment samples to trace chemicals carried by erosion and 
stormwater through ephemeral drainages to SRB. Plant leaves of mesquite trees located on the 
margins of the drainage were analyzed for their potential to uptake these chemicals (phytoextraction), 
their contribution to organic matter, and assessed for biotic integrity using rangeland health indicators 
along the primary Helvetia drainage.  


The 404 Connectivity Sampling and Analysis Plan: Rosemont Copper Company, West Side Properties 
(Hudbay 2021), provides the methodology and locations for the physical connectivity investigation, 
sediment (soil) sample collection, and biological sample collection. The surface geomorphology was 
used to define the path in which the potential chemicals would travel and settle within. A total of 5 
drainages were investigated in addition to portions of the Santa Cruz River. To better understand the 
SRB itself, sediment samples were collected within the effluent discharge segment of the Santa Cruz 
River beginning at the Agua Nueva Wastewater Reclamation Facility outfall near Roger Road in 
Tucson. Last, biological samples were collected from a species that occurs from Helvetia to the 
confluence of the Santa Cruz River and within the erosional channel of the drainage. The extent of the 
physical connectivity relies on the chemical signature derived from the sediment samples. 


Physical connectivity refers to the extent to which episodic flows of water have the potential to reach 
water a TNW, in our case the Colorado River. In this study we aim to relate the transport of sediment 
particles and other solid material from the Helvetia area to SRB as a proxy for a significant volume of 
water reaching that distance on at least one occasion or event. Secondly, we also infer that with 
increased flow frequency, the accumulation of contaminants should be at an increased level when 
measured in the sediment. Therefore, increased levels of contaminants, or constituents of concern 
(COCs), could indicate that the drainage incurs more frequent wetting events that originated from the 
contaminant source. Such COCs represent potential compromises to water quality in the river system 
and include, for example, copper. These particles may degrade over time and release their 
constituents to receiving water. 


Chemical connectivity speaks directly about COCs that are in water that reach the SRB segment of 
the Santa Cruz River. The COCs analyzed may be derived from source material in the Helvetia area 
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or as precipitate that has travelled in aqueous form to their current location. They could be 
remobilized from the alluvial sediments upon re-exposure to water under the right pH conditions. 


Biological connectivity refers to the extent to which a drainage supports the capacity to transfer 
nutrients and organic carbon vital to support downstream food webs (e.g. macroinvertebrates present 
in headwater streams convert carbon in leaf litter making it available to species down streams). Soils 
were sampled for organic content and plants were tested for chemical absorption to determine the 
proximity of plants affected by COCs in sediments or water. Organic matter is a form of a biological 
passive connection, dependent on water flowing. Ephemeral drainages bordered by continuous 
vegetation that provide wildlife movement corridors and xeroriparian habitat also a form passive 
biological connectivity and reflect biological integrity. Invasive species, poor species diversity, and poor 
hydrological functions threaten biotic integrity and therefore biological connection.  


Each potential connectivity aspect will be described in detail in the following sections. The methodology 
is presented in further detail in Attachment A. Observations and results are included in Attachments 
B through D and are summarized in Section 4. An explanation of sediment sample D1-19 can be found 
in Attachment E. Photographs of each sampling location are included in Attachments F through H. 


The remainder of this Connectivity Report is divided into the following sections: 


Section 3.0 presents the sampling methodology; 


Section 4.0 presents the study results with an explanation of the results; 


Section 5.0 presents conclusions; and 


Section 6.0 provides a list of references. 
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3.0 SAMPLING LOCATIONS AND METHODS 


A total of 5 drainages were verified in the field to study. The drainages were chosen as they are 
primary drainages, with the widest spans and deepest channels found within the area as seen from 
satellite imagery, that come from the Helvetia area and have potential sources of chemicals to trace.  


1) Drainage 1 (D1) named Helvetia Gulch begins east of the Copper World Mine in the foothills of the 
Santa Rita Mountains and flows past the Columbia Smelter and then to the northwest.  


2) Drainage 2 (D2) originates near Ridley Mine makes a path to the west/northwest and connects to 
the Santa Cruz River south of Sahuarita.  


3) Drainage 3 (D3) flows through the Imerys marble quarry and flows to the northwest until it joins 
with the Helvetia drainage.  


4 and 5) Drainages 4a and 4b (D4a, D4b) consist of 2 drainages that begin below the Tip Top Mine 
that is located on a ridge north of Peach Knob. Drainage 4a (D4a) flows east (D4a) and Drainage 
D4b (D4b) flows west. Each of these tributaries later flow north-northwest into the Imerys drainage 
(D3).  


Figure 3 (below) illustrates the locations of these 5 drainages.  


 


Figure 3. Locations of Drainages Studied. The 5 drainages that were studied include the Helvetia Gulch 
(D1), a drainage that begins near Ridley Mine (D2), a drainage that begins near the Imerys marble quarry 
(D3), and 2 tributaries that drain to the west and east of Tip Top Mine (D4a and D4b). Data was also 
collected from the Santa Cruz River.  


Sediment samples were collected up to 22.6 miles downstream from below the Columbia Smelter (D1) 
down to the confluence with the Santa Cruz River plus 28.4 miles downstream of the confluence within 
the Santa Cruz River for a total of 51 miles of washes analyzed. Approximately 12 additional miles of 
drainages were analyzed in Drainage 2 (D2) from Ridley Mine to the Santa Cruz River confluence.  


The bright white color of limestone below the marble quarry imagery can be seen in satellite and 
aerial imagery. This makes the D3 ephemeral wash unique among surrounding drainages. Field 
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reconnaissance confirming limestone made calcium a predictable tracer. Photographs, Munsell color 
values, and visual descriptions of D3 also were used to document the limestone-based tracer to help 
determine the distance that limestone travels.  


Physical tracing, sediment sampling, and biological samples were collected as described in the 404 
Connectivity Sampling and Analysis Plan (SAP; Hudbay 2021). Stormwater samples and quality 
assurance/quality control measures were conducted as described in the Rosemont Copper Project 
Water Programs Quality Assurance Project Plan (QAPP) – Existing Conditions (QAPP: Hudbay 
2021b). 


Sediment samples were analyzed using EPA Methods 3050 and 1312. Analyses were conducted by 
ACZ Laboratories in Steamboat Springs, Colorado. The samples were chemically analyzed for the 
chemical constituents shown in the SAP (Hudbay 2021). Stormwater samples were analyzed by 
Turner Laboratories in Tucson, Arizona as described within the QAPP.  


The lab used EPA Method 3050, a strong acid digestion followed by analysis of the digestion solution 
using inductively couple plasma (ICP) spectroscopy, to assay the elemental content of sediments to 
assess the physical movement of sediments by water (erosion). It does not address the chemical 
reactivity of the sediment particles. EPA Method 1312 (Synthetic Precipitation Leaching Procedure 
(SPLP)) is a very weak digestion of the sediment solids followed by the same ICP analysis. Method 
1312 recovers only those elements that are very easily released from the solid upon contact with 
water, used to simulate chemicals that would be released during stormwater transport. 
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4.0 RESULTS  


4.1 PHYSICAL CONNECTIVITY RESULTS 


Five (5) drainage features (D1, D2, D3, D4a, D4b) with potential water flow were investigated and 
traced from the western flank of the Santa Rita Mountains down to the Santa Cruz River.  


Analyzing drainages from north to south, D3 originates near the Imerys marble quarry and flows to the 
northwest until it joins with the Helvetia drainage (D1). D4a and D4b begin near Tip Top Mine flow into 
the Imerys drainage (D3).  


The majority of stormwater coming from Helvetia flows northwest until it is diverted into a man-made 
channel prior to reaching Dawson Road. The channel is used to keep water from flowing across the 
road except at designated points. This diversion sends the water west until it crosses Dawson Road at 
Country Club Road, converging with 2 other drainages before this point. As the determined D1 path 
continues downstream it turns and continues to flow north (as compared to northwest as all natural 
surrounding drainages flow) as directed with berms and dykes located along private lands. To the north 
of Sahuarita Road, the drainage continues to flow north along the eastern edge of the pecan orchards 
within a man-made channel, then around a quarry and along the base of the train tracks before the 
drainage takes a relatively sharp left turn under Nogales Highway. After a short stretch flowing to the 
west, D1 takes a relatively sharp right turn to the north. It appears that the drainage was man-made or 
highly altered for the construction of Nogales Highway and to protect private property located to the 
east of the drainage. The alluvial banks of D1 on the west side of the Highway are tall and highly 
eroded, suggesting that it is relatively new in terms of geological time.  


It is likely that, historically, D1 once flowed directly to the Santa Cruz River, but it has been diverted 
and the present connection is uncertain. For the purposes of the present evaluation, a potential flow 
path for D1 to connect to other drainages and ultimately reach the Santa Cruz River is assumed and 
distances upgradient to each sediment sampling location have been estimated for consistency. See 
Figure 4 to view physical barriers and diversion locations and Figure 5 to see berms that are used to 
direct flow.  
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Figure 4. Physical Tracing Locations. Note the number of alterations to the natural flow paths. Drainages 
are diverted around roadways, residential areas, and pecan orchards. Direction of flow is changed to the 
north around the orchards; the natural flow path is generally northwest. Numerous small tributaries from 
surface runoff can be observed contributing to the larger drainages as they flow downstream. 


  


Figure 5. Berms lining property (Sanrita West property) to create flow path shown in center of Figure 4 
above. 


Drainage D2 begins slightly upstream of Ridley Mine, joins a larger drainage approximately 600-feet 
downstream, then it makes a clear path to the west down the alluvial fan. On the western end of D2, 
there are diversion channels and dykes built up to protect run-on stormwater from running through the 
pecan orchard (as seen in Figure 6). An engineered channel directs the water through the pecan 
orchards and connects to the Santa Cruz River. These dykes were found on the eastern edge of the 
majority of the orchard as seen along Drainage 1 north of Sahuarita Road.  
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Figure 6. Typical berms observed lining the eastern edge of the pecan orchards, catching or diverting 
water away from the orchard. 


As discussed in EPA (2015), river systems in the arid southwest are, like wetter climates, intimately 
linked with an arterial network of smaller drainages. This network delivers stormwater runoff to the 
river system and is largely responsible for its existence. In the arid southwest, this network commonly 
consists of ephemeral drainages that only occasionally and sporadically delivers water to the river 
system. This is the case with Helvetia and the Santa Cruz River in southeastern Arizona and is 
clearly evidenced by the incised arroyos in the alluvial fan propagating out and away from the 
Helvetia area and the Santa Rita Mountains.  


The presence of periodic hydrologic activity through scouring, debris, and visual observation suggest 
that the Helvetia drainages are a series of distributary drainages with most terminating naturally, 
others blocked by physical barriers and two were traceable with extrapolation to the Santa Cruz 
River. Despite the connectedness of channels, there is no evidence that water originating at Helvetia 
makes it to the Santa Cruz River. With precipitation occurring across the landscape with numerous 
drainages contributing to the drainage, chemical investigations are relied on to determine if, how far, 
and to what extent the Helvetia drainage is physically connected to the Santa Cruz River. As 
mentioned above, the Santa Cruz River and SRB are referenced for context and is not implied to be 
TNW’s. As will be detailed in the following sections, chemical, biological analysis, as well as the 
orthographic indicators of limestone silt all corroborate that water never makes it further than 17.4 
miles from Helvetia.  
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Figure 7. Drainage Flowchart. 


 


4.2 CHEMICAL CONNECTIVITY RESULTS 


Suitable chemical tracers were used to assess the extent to which water physically carried particles 
(total concentrations) or contaminants in solution (leachable concentrations) from the historic Helvetia 
district to the Santa Cruz River and ultimately to SRB. The tracer elements analyzed include 
antimony, arsenic, copper, lead, mercury, molybdenum, selenium, and zinc. These chemical 
constituents were observed to be elevated above global average concentrations (Mason and 
Carleton 1982) and local means (USGS 1970; The Earth Technology Corporation 1991). Sulfur, while 
not highly enriched in sediments of the Helvetia area, is strongly associated with local mineralization 
and was also selected for the evaluation. Understanding the conditions of water transport regarding 
physical and chemical connectivity is assessed in the present report using these tracers. 


The chosen chemical constituents represent different types of geochemical behavior in the 
environment. Copper, zinc, and mercury are metals, antimony is a metalloid (sharing characteristics 
of metals and non-metals), and sulfur is a non-metal that is generally reactive when exposed to air 
and water and is associated with historic metal production in the Helvetia area. 


Total concentrations of chemicals represent physical transport, including erosion, of chemicals within 
sediment. The sediment is nearly completely digested using an acid to determine its concentrations. 
As shown in Figure 8 below, total copper concentrations in drainage D1 decrease rapidly in a short 
distance from highly enriched concentrations in the vicinity of the Tip Top Mine to only 3% of the 
source’s concentration prior to reaching the main D1 drainage, approximately 2 miles downstream. By 
sampling locations along Dawson Road and at Sahuarita Road, concentrations are very low and 
continue to stay low through the Santa Cruz River.  
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Figure 8. Total Copper Concentration in Drainages 1, 3, & 4. Copper concentration drops to local 


background level within 17.4 miles of the source location. The zero distance on the graph refers to the 
intersection of the ephemeral drainages with the Santa Cruz River and the negative distances refer to 


downstream distances within the Santa Cruz River to Study Reach B.  


An anomaly occurred off the primary D1 path, at D1-19. A memorandum (found in Attachment B) 
provides an explanation about elevated copper concentrations found at this point: landscaping rock 
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that was derived from mine waste rock provided a source of copper. Once human development occurs 
across the drainage, there is a potential to introduce an array of chemicals into the drainage.  


A study conducted by the USGS in Pima County (USGS 1970) traced chemicals in sediment up 
drainages in an attempt to locate copper deposits beneath alluvium. The study began in the Santa 
Cruz River and traced chemicals to the Sierrita Mountains located west of the Santa Rita Mountains, 
where the current study was conducted. The study concluded that background levels of copper 
concentration ranged from 10 to 20 parts per million (ppm), equivalent to 10 to 20 milligrams per 
kilogram (mg/kg). A review titled “Evaluation of Background Metals in Arizona Soils” (The Earth 
Technology Corporation 1991) concluded a similar baseline, an average concentration of 16.6 mg/kg. 
The remaining results can be seen below in Table 2. The USGS study (1970) also concluded that 
there was a natural increase of chemicals within the sediments caused from the geological formation 
of the deposit. While the weathering of rocks and sediments from mine tailings may provide a source 
of chemicals at the Project site, the chemicals may also be found naturally from the formation of the 
geological deposit. 


Table 1. Concentrations of Background Metals in Arizona Soils (The Earth Technology Corporation 1991). 


ADEQ Soil Samples 


Concentrations of Metal 


Evaluation of Background Metals in Arizona Soils” (The Earth Technology Corporation 1991)  


Metal 
Average (mg/kg) 


Standard 
Deviation (mg/kg) 


Maximum 
(mg/kg) 


Minimum 
(mg/kg) 


Antimony 1.7 1.81 3.8 <0.4 


Arsenic 9.4 3.8 24 3.1 


Copper 16.6 5.9 27 6 


Lead 7.7 4.8 24.5 ND 


Mercury 0.05 0.2 0.25 ND 


Nickel 18.2 5.3 28 9.2 


Selenium 0.6 0.3 1 <0.4 


Zinc 38.9 16.4 81 15 
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Figure 9. Total Copper Concentrations in Drainage 2, Ridley Mine Area. Copper concentrations drop 


below local background 2.2 miles from site and stays at below background until new influences are 
introduced at the pecan orchards. This location acts as control for background levels for the area. 


Drainage 2 (D2) starting at Ridley Mine was used as a control group. Although D2 is not a proper 
control with no disturbances within it, the D2 drainage is relatively unaffected from Ridley Mine as 
chemical concentrations are only seen in the tailings or immediately below the mine. The remaining 
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drainage results become steady low values below local average values that continue until the pecan 
orchard. In comparison to Drainage 1, drainage D2 also displays a substantial decrease in copper 
concentrations within a short distance from the Ridley Mine area, quickly reaching background 
concentrations as seen in Figure 9. The very low concentrations of copper concentrations, lower 
than global and local averages, and are deemed to be an acceptable estimate of approximate 
background conditions. Local and state studies verify that D2 displays background level 
concentrations approximately 2.2 miles downstream of Ridley Mine, using 20 mg/kg of copper as a 
baseline concentration. A complete set of graphs for total concentration of elements within the 
Helvetia drainages and Santa Cruz River can be found in Attachment C. A sediment sample photo 
log can be found in Attachment D. 


The profile of total copper concentration in sediments for both D1 and D2 clearly indicates that physical 
transport of solid sediment by ephemeral stormwater flow does not carry material long distances, and 
in particular from the Helvetia area to the Santa Cruz River system. As mentioned above, other 
chemicals were observed with elevated levels and used as tracers. These chemicals exhibited similar 
trends as that seen with copper, decreasing rapidly from the chemical source and decreasing further 
with distance. Figure 10 displays that most elements drop to background levels by 7.5 miles from the 
source, but once human intervention enters the drainage at Dawson Road (residential areas, pecan 
orchards, roadways), chemical concentration anomalies are observed. These anomalies make for a 
conservative determination that all chemicals analyzed travel a maximum distance of 17.4 miles from 
the Project site. Overall chemical concentrations decrease over distance to SRB with generally low 
concentrations through SRB.  


 


Figure 10. Total Acid Digestion for Drainages 1, 3 & 4. All elements show similar trends of decline to 
background levels and do not reach the Santa Cruz River. The anomalous values that occur in residential 
and road areas are likely caused by introduction of foreign material. 
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Figure 11. Total Acid Digestion for Drainage 2, Ridley Mine Source. Elevated levels of chemicals 
observed within the Ridley mine tailings and drops to background levels nearly immediately. This 
drainage acts as a control as it this compilation graphs show that it is relatively free of chemicals. 


A compilation of the chemical constituent tracers for Drainage 2 (Ridley Mine) are seen in Figure 11. 
Again, D2 acts as a control, quickly returning to background concentrations as seen above for copper. 
As D2 passes through the pecan orchards, an increase of identified chemicals can be observed. 
Similarly, the total constituent concentrations support a lack of physical connectivity between the Ridley 
Mine and the Santa Cruz River system. Other elements provide additional documentation that chemical 
elements that are enriched in the Helvetia area are not transported by water-borne erosional processes 
to the Santa Cruz River system and, hence, fail to demonstrate the physical criteria of connectivity. 


4.2.1 Sediment Sample Results, Leachable Metals 


Leachable chemical constituents, as represented by a SPLP leach test, may be derived from either 
salts that are left behind as earlier water flow evaporates or produced by copper oxides that were 
transported downstream from upgradient mineralized areas like Helvetia. The relevant point is 
whether the copper oxide was chemically precipitated at the sample location or whether it is a grain 
of copper oxide transported by a rain event as a solid. Both pose the opportunity to release copper 
back to aqueous solution should the pH of the water it interacts with is in the range of 4. The results 
presented below show that presence of limestone limits aqueous mobility. Based on site conditions 
and field observations, the majority of the leachable copper coming off the site was in solution versus 
being transported as solid particles. The interaction with limestone created a rapid change in pH, 
causing the precipitation of metals. 


Chemical constituents that are picked up by flowing surface and delivered to the Santa Cruz River 
system would constitute a chemical connectivity. Using a SPLP leach test provides an assessment of 
which elements are easily transported through solution such as stormwater.  
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Figure 12. Leachable copper concentration in Drainage 1, 3 & 4. Graph illustrates that Drainage 4 
leachable copper (transported or precipitated copper oxide) does not transport easily from source 
location, likely due to the high limestone content in the wash which quickly neutralizes any acidic 
stormwater required to keep the copper in solution. 


.  


Figure 13. Leachable copper concentration in Drainage 2 - Ridley Mine source. Note that copper 
concentrations are not elevated other than within the source. This indicates that copper does not move 
easily in solution. Background concentrations also indicate that Ridley Mine acts as a control. 


Very much like the profiles for total copper and other enriched elements in sediment of drainages D1 
and D2 (Figures 8 – 11), easily leachable (SPLP) concentrations for these constituents display a 
very rapid decline with distance from the Helvetia area (Figures 12 – 14). Data was not obtained for 
leachable sulfur and are not available for comparison. A complete set of graphs for leachable 
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elements can be found in Attachment C. A sediment sample photo log can be found in Attachment 
D. 


Significantly, the very low SPLP concentrations indicate that sediments bearing enriched 
concentrations of chemical elements transported away from the general source area of Helvetia do 
not themselves represent a source of leachable constituents to stormwater that contacts them. 
Hence, connectivity between the enriched Helvetia source area via a coupling of physical transport 
and chemical transport does not appear to be present in the current drainage system.  


 


Figure 14. Leachable elements compilation. Note the trend of chemical concentrations that quickly drop 
below the source. Anomalies become apparent at the onset of human influences with residential areas 


and additional contaminants present at the Santa Cruz River confluence. 


4.2.2 Stormwater Results, Total and Dissolved Metals 


The drainages emanating from the Helvetia area are ephemeral and only occasionally receive water, 
most often from local rainfall and less frequently from heavy rains at moderate distances. At the time 
of the present evaluation, episodic rain events resulted in surface water flow in the study area and 
afforded an opportunity to characterize the chemical quality of these flows. The results are illustrated 
below for the same elements evaluated for total concentrations (physical transport) and chemical 
transport (SPLP).  


Figure 15 presents copper concentrations of total and dissolved copper within stormwater samples. It 
should be noted that the graph includes multiple events at the same location. Concentrations of metals 
can greatly vary from one storm event to another. A complete set of stormwater graphs can be found 
in Attachment D. A stormwater sample location photo log can be found in Attachment E. 
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Figure 15. Total and dissolved copper concentration in stormwater. The sulphide copper is the best proxy 
for water transported sediment. The dissolved copper remains at very short distances to site because the 
pH is buffered very quickly with limestone. 


The profile of total copper concentration in stormwater (for both D1 and D2) clearly indicates that 
physical transport of solids by ephemeral stormwater flow does not carry material from the Helvetia 
area to the Santa Cruz River system. The profile of dissolved copper concentration in stormwater (for 
both D1 and D2) should be expected to be similar to the leachable materials, dissolved constituents 
being the product of the leaching process. The dissolved copper also clearly indicates that physical 
transport of chemicals through stormwater does not carry material from the Helvetia area to the Santa 
Cruz River, let alone to the distant Study Reach B area 16.5 miles down the Santa Cruz River. Data 
for copper concentration through stormwater indicates a lack of physical and chemical connectivity 
between the Helvetia area and the study Reach B. 
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Figure 16. Total and dissolved zinc in stormwater. Zinc follows the same trend as copper, dropping 
quickly within a short distance. With multiple storm events captured, there is some variation across 
events. Despite variation, there are minimal concentrations of zinc at and prior to Study Reach B.  


Very much like the profiles for total and dissolved copper in drainages D1 and D2 (Figure 15), total 
and dissolved zinc display very similar trends (Figure 16). Concentrations drop quickly downstream 
from the source (within 2.5 to 10.4 miles), decreasing further with distance. As human alterations 
enter the analysis around Dawson Road, there is potential to insert additional sources like railroad 
bed that is made out of slag, landscaping rock brought in from quarries and mines, and other various 
chemicals from roadways. As can be seen in Figure 16, there is an increase in zinc during one of the 
two storm events. Additional sources may include quarries, sand and gravel pits, or 3 copper mines 
located upstream of this location. Although there are anomalies that display variations from 
downstream sources, it is clear that stormwater bearing enriched concentrations of chemical 
elements transported away from the general source area of Helvetia do not themselves represent a 
source of total or dissolved constituents. Hence, connectivity between the enriched Helvetia source 
area via physical transport and chemical transport does not appear to be present in the current 
drainage system.  


4.2.3 Neutralization of pH 


Field measurements of pH were taken during stormwater sampling. Low, acidic pH measurements 
were observed near the Tip Top Mine very close to the source, quickly dropping before the bottom of 
the hill on which the Mine is located on the ridge. Neutral pH measurements, approximately a pH of 
7, were observed on the east side of Tip Top Mine 380-feet below the source and approximately 
1600-feet below the source on the west side of Tip Top Mine (see Figure 17). Limestone is present 
within the surrounding and encapsulating hills of the mine, but further neutralized once the 
stormwater reacts with the calcium carbonate released by Imerys marble quarry within Drainage 3.  
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Figure 17. Stormwater field pH measurements near Tip Top Mine Source. Note the quick neutralization of 
acid becoming slightly basic with the reaction with calcium carbonate in Drainage 3, below the Imerys 


marble quarry composed of basic limestone. 


4.2.4 Imerys Marble Quarry, Drainage 3 


Imerys is a marble quarry that is located at the top of Drainage 3. It is visibly the source of limestone, 
or calcium carbonate, that is transported downstream through both erosion (Method 3050) and through 
stormwater transport (Method 1312). Sediment sampling began at D3-1 (see Figure 18 below for 
photos), approximately 0.6 mile downstream from the quarry. Initially, the white colors of the limestone 
occurred across the drainage and formed cemented layers. The compacted layer prevented water 
infiltration and allowed the stormwater runoff to occur more easily than other drainages in the area.  


As samples were collected downstream, the cemented layer became thinner (D3-4A), then absent (D3-
4B), but limestone was still abundant within the wash. At the confluence with D1, only limestone 
precipitate remained but there were contrasting differences from D1. By Dawson Road, no limestone 
precipitate remained, and colors were similar to surrounding drainages. It was apparent that limestone 
was carried between 7.4 miles and 9.6 miles. This value is an indicator of how far the stormwater flowed 
from the Imerys marble quarry. It is also an indicator that stormwater does not flow to the Santa Cruz 
River.  
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Figure 18. Limestone tracing in Drainage 3 and Drainage 1. Note the color differences occurring as a bright 
white color near the Imerys marble quarry and becoming more tan color further from the source. 


A component of calcium carbonate, calcium, was analyzed within the sediment samples by the lab. 
The calcium content of the sediment samples supports the visual observations as seen above. Calcium 
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drops to below the global mean (36,300 mg/kg) by point D3-8, approximately 6.3 miles downstream of 
the Imerys marble quarry (see Figure 19). Although calcium carbonate precipitate disappears between 
7.4 and 9.6 miles, the heavier calcium particles drop by the point. This again indicates that there is no 
chemical connectivity of calcium between the Helvetia area and Study Reach B.  


 


Figure 19. Calcium concentrations in studied drainages. As seen visually, calcium concentrations drop 
quickly to below the global mean approximately 6.3 miles below the source (Imerys marble quarry). This 
demonstrates a lack of calcium chemical connectivity to Study Reach B, another 15.1 miles downstream.  


4.3 BIOLOGICAL RESULTS 


Biological connectivity refers to the extent to which a drainage supports the capacity to transfer 
nutrients and organic carbon vital to support downstream food webs in the TNW (e.g. 
macroinvertebrates present in headwater streams convert carbon in leaf litter making it available to 
species down streams). Soils under mesquite trees were sampled for organic matter and mesquite 
trees were tested for chemical absorption to determine the proximity of plants affected by COCs in 
sediment or water. Biological connections were analyzed using methods seen in Table 2.  


Organic matter is a form of a biological passive connection, dependent on water flowing. Ephemeral 
drainages bordered by continuous vegetation provide xeroriparian habitat and wildlife movement 
corridors. Drainages also allow the dispersion of seeds through the water or upon wildlife (hitchhiking) 
moving through the wildlife corridor and thus allow biological connections; the occurrence of a species 
solely within this habitat may reflect the biological connection. The xeroriparian habitat is also a form 
of passive biological connection that reflects biological integrity. Invasive species, poor species 
diversity, and poor hydrological functions threaten biotic integrity and therefore the biological 
connection. Biological integrity was assessed using rangeland health indicators (BLM 2005) from the 
Helvetia drainage down to the confluence with the Santa Cruz River.  
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Table 2. Biological Connection Analysis. 


Biological Connection 
Analysis 


Method Result 


Biotic Integrity 


Continuous vegetation lining 
the drainage 


Rangeland Health Indicators 
(BLM, 2005) 


Satellite Imagery, field 
reconnaissance 


Poor biotic integrity as a result 
of poor hydrologic function 


Discontinuous vegetation 
lining the drainage 


Organic Matter Combustion, lab analysis Low amounts of organic matter 
(averaging 2.7%) 


Phytoextraction EPA Method 3050 (total 
concentration), lab analysis 


Affects of chemicals within 
sediment and water on plants 
does not travel further than 
17.4 miles from Project site 


 


As described in section B.5.5.3 (EPA 2015), the ephemeral drainages within the study area begin 
with naturally made drainages near the Project site that are typically lined with woody vegetation that 
compose a xeroriparian habitat. This habitat was observed along drainages in the Helvetia area down 
to Sahuarita Road. Woody vegetation consisted of mesquites (Prosopis velutina), desert hackberry 
(Celtis pallida), catclaw acacia (Acacia greggii), desert broom (Baccaris sarathroiodes), and 
occasionally netleaf hackberry (Celtis reticulata). Perennial grasses and perennial forbs grow on the 
margins of the channels.  


As can be seen on satellite imagery (Figures 20 – 22 below) the biological integrity of the 
xeroriparian habitat degrades north of Sahuarita Road down to the confluence of the Santa Cruz 
River. The artificially created drainage, beginning just prior to Dawson Road and continues to the 
confluence with the Santa Cruz River, is low in biodiversity and vegetation cover and displays large 
amounts of bare ground. Vegetation along the channel consists of scattered mesquite trees (Prosopis 
velutina), desert broom (Baccaris sarathroiodes), invasive bermuda grass (Cynodon dactyla). During 
the 2021 monsoon season, sufficient precipitation allowed for the growth of annual forbs (primarily 
pigweed, Amaranthus palmeri). Beginning near a sand and gravel quarry, the channel becomes 
deeper and erosional features begin to form along the margins of the channel. Just downstream of 
the Nogales Highway crossing, the channel deepens further and the banks of the wash consist of 
highly eroded alluvium. This trend continues to the confluence with the Santa Cruz River, becoming 
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increasingly deeper with larger amounts of soil loss and instability. See Figures 20 to 22 below for a 
comparison of portions of Drainage 1. 


 


Figure 20. Lower Drainage 1. Note the lack of vegetation and large amounts of bare ground. Erosional 
features are apparent with satellite imagery. This is indicative of a geologically recent path. 


 


Figure 21. Lower Drainage 1 near Nogales Highway. Note the lack of vegetation and large amounts of 
bare ground. Erosional features are apparent with satellite imagery. Man-made features of an artificially 
directly drainage can be observed. 
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Figure 22. Drainages 1 and 3, tree and shrub lined washes. Note the differences between Figures 20 and 
21. Washes are lined with trees and shrubs. A lack of erosional features indicate that hydrological and 
biological integrity are intact. 


Rangeland indicators (BLM 2005) results show that the drainage north of the quarry located east of 
Nogales Highway are highly unstable and hydrological and biological functions are hindered. 
Hydrologic functions are defined as the “capacity of an area to capture, store, and safely release 
water from rainfall, run-on, and snowmelt (where relevant), to resist a reduction in this capacity to 
recover this capacity when a reduction does occur” (BLM 2005). The loss of large amounts of soil 
through gullies, rills, lack of erosion resistance, high amounts of bare ground (during most of the 
year), depositional areas, water flow patterns, low amounts of litter, disproportionate plant functional 
groups, and the presence of large amounts of invasive species all indicate that the site stability, 
hydrological functions, and biological integrity are poor and severely compromised.  


As can be seen in satellite or aerial imagery, trees and xeroriparian habitat do not continuously line 
the ephemeral drainage that flows episodically from the Helvetia area. The lack of biotic integrity, site 
and soil stability, and hydrologic function indicate that the Helvetia drainage is not biologically 
connected to downstream aquatic resources. 
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Sediment Point D3-7. Ephemeral washes are 
lined with trees and shrubs. This stable site 
shows that hydrological and biological functions 
are not compromised. 


 


Point SCR-0, Santa Cruz River confluence. 
Large erosional features on the banks (high 
walls, gullies, rills). Artificial berms controlling 
surface flow from surrounding areas drop into 
the river on the left. 


Figure 23. Photos contrasting erosional features. These photos demonstrate a stable site with good 
hydrological function and biotic integrity as compared to an unstable site with relatively poor hydrological 
function and biotic integrity. The loss of soil creates a negative feedback loop that hinder infiltration, 


availability of nutrients and organic matter, promotes invasive species and decreases biodiversity.  


Organic matter below the mesquite tree was collected and analyzed by the lab. Results show that 
organic matter contribution was low with a maximum of 7.8%, a mean of 2.7%, and a median of 2.5% 
organic matter. Total carbon and total inorganic carbon results show very similar trends as can be seen 
in Attachment D. Additionally, there is no trend from a high organic matter content to low content to 
demonstrate a transportation of organic matter to aquatic resources downstream. There must be a 
significant nexus to the downstream TNW to display biological connectivity. The low amounts of organic 
matter should be expected with poor biotic integrity as described above. A mean of 2.7% organic matter 
does not constitute a significant contribution to downstream organic matter and therefore not likely to 
contribute a significant amount of nutrients to downstream aquatic resources.  


 


Figure 24. Organic matter contribution to downstream aquatic resources is relatively low. The dashed 
line is the mean organic matter concentration. No significant trends were observed, low concentrations 
of organic matter are present throughout Drainage 1 and are not being transported from the Helvetia 
area to the Santa Cruz River or Study Reach B. 
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Mesquite trees were selected to study as they occurred from the Helvetia area down to the Santa Cruz 
River. Although the species generally occurs along the drainages, it is not specific to the drainage as it 
occurs on the uplands and somewhat ubiquitously across the landscape. There were no species 
observed that provided a biological link to Study Reach B.  


Phytoextraction provides a link between chemical and biological connectivity and provides a natural 
extraction of chemicals. Mesquite trees removed chemicals that include zinc, molybdenum, and 
selenium. A similar study conducted by the USGS (1980) analyzed molybdenum extracted by mesquite 
trees. The study states that molybdenum is taken up by mesquite from groundwater rather than from 
the flow of the drainages.  Also, molybdenum is soluble (as opposed to copper) and can travel farther 
than copper from the ore deposit. Since there are many mines within the Santa Rita and Sierrita 
Mountains and the area is known for molybdenum deposits, it is not a unique tracer (signature) of the 
Helvetia area to indicate travel distance. Molybdenum was used as a proxy to find new mineral deposits 
as it occurs naturally at elevated levels in the aquifer at greater distances than copper. Due to these 
determinations, molybdenum was disqualified from the current study.  


Phytoextraction of selenium and zinc can be observed in Figure 25, following similar trends to that 
seen in total selenium and zinc within sediments. It appears that a significant amount of selenium and 
zinc is being extracted from the soil (sediment) as concentrations are greater in the trees at times than 
within the soil, though for zinc the trend was observed at lower soil concentration levels beginning at 
approximately 17.4 miles from Helvetia. The excess of selenium and zinc within the plant as compared 
to the soil suggests that it may be accumulating in the tree (bioaccumulation). 
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Figure 25. Selenium and zinc extraction by plants in Drainage 1. Plants extract selenium and zinc from 
the soil and display similar trends as soil, decreasing quickly initially and decreasing until no chemical 
was detected in either the plants or the soils prior to the Santa Cruz River confluence. Plant 
concentration of selenium drop below the local standard by 3.0 miles from the source and 4.0 miles for 
zinc.  


Although the concentrations may at times be greater in the tree than within the soil, selenium and zinc 
follows similar trends as seen in the sediment and stormwater samples, decreasing in concentration 
with distance. A complete set of biological graphs can be found in Attachment E. A plant sample photo 
log can be found in Attachment F. 


The decreasing total concentrations of zinc, and selenium indicate that plants bearing enriched 
concentrations of chemical elements are only affected within the general source area of Helvetia, 
does not affect plant growth, and there is a lack of connectivity between the Helvetia area and the 
Santa Cruz River. Elevated concentrations of these elements dropped to background levels within 
4.0 miles of the Helvetia area and there is no indication of elevated metals for the remaining 
18.7miles downstream to the Santa Cruz intersection within the ephemeral drainage.  


The combination of these complementary biological studies show that plant uptake of available 
contaminants does not persist beyond 4.0 miles from the Helvetia site, the soil is devoid of organic 
material that is not likely to contribute beneficially to aquatic or plant species downstream, and 
discontinuous vegetation contributing to poor biotic integrity concludes that there is no biological 
connection to the Santa Cruz River let alone Study Reach B located 16.5 miles further downstream of 
the Santa Cruz River confluence. 
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5.0 CONCLUSION 


The drainages from the Ridley Mine, Tip Top Mine, and Columbia Smelter locations release 
contaminants to local drainages. While there is a path for water to flow, chemical measurements were 
used to determine physical connectivity. All measurable chemical tracers within stormwater and 
sediment samples indicate that the water originating at site and the chemicals carried through the water 
travels no further than 17.4 miles from the Helvetia area. Therefore, there is not a physical or chemical 
connection to the Santa Cruz River or Study Reach B. The lack of continuous vegetation, poor biotic 
integrity, low contribution of organic matter, and phytoextraction of chemicals within plants traveling no 
further than 4.0 miles from the Helvetia site demonstrate that there is no biological connection to the 
Santa Cruz River or Study Reach B located another 16.5 miles downstream. 
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Figure 4. Helvetia Drainages 
Sediment Sample Locations.
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Figure 3. Sediment
Sample Locations.
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Figure 6. Sediment Sample Locations.
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Figure 9. Stormwater 
Sampling Locations.
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Figure 10. Stormwater Sample Locations.
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Figure 11.  Drainage 1 
Plant Sample Locations.
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1. BACKGROUND 


Under the 2008 Rapanos guidance, an ephemeral wash could only be considered a water of the U.S. 


(WOTUS) if it could be demonstrated to have more than an insubstantial or speculative effect on the 


chemical, physical, and biological integrity of the nearest downstream traditionally navigable water. 


WestLand Resources, Inc., prepared requests for Approved Jurisdictional Determinations (AJDs) for both 


the east and west (of the Santa Rita Mountains) sides of the Rosemont Copper Project, and evaluated the 


potential chemical, physical, and biological connectivity between the project area ephemeral drainages 


and Study Reach B of the Santa Cruz River. This sampling and analysis plan (SAP) has been developed 


to supplement the analyses performed in the West Side AJD through additional data collection and 


analysis. 


2. SAMPLING AND DATA COLLECTION OVERVIEW 


2.1 SAMPLING PROCEDURES 


In order to analyze the potential connectivity of the west side project area to the Santa Cruz River, 


sampling will be completed in two general areas: 1) in the Helvetia area drainages located on the west 


flank of the Santa Rita Mountains and 2) the Pima County Ina Road wastewater treatment plant (WWTP). 


Sampling for both chemical and biological factors will be performed in the drainage originating in the 


vicinity of the Rosemont-owned properties near Helvetia. Additional chemical sampling will occur in 


drainages originating near the Imerys marble quarry and Peach Knob Hill area north of Helvetia, as well 


as the drainage below the Ridley Mine south of Helvetia. Physical connections from the Helvetia area 


drainage to the Santa Cruz River will be traced. Sampling (water and soil) of chemical factors will be 


performed in the Santa Cruz River drainage receiving discharge from the Pima County Ina Road WWTP. 


Sampling results from the drainage below the WWTP will be used as a proxy for potential chemical 


connectivity from Rosemont’s west side properties to the Santa Cruz River.  


The purpose of this SAP is to describe the procedures for the collection of soil and water samples. 


Soil samples are to be collected on the top one (1)-inch of soil to limit surface disturbance, excluding 


rocks and pebbles. Surface samples will be collected using a small scoop. The procedures listed herein are 


those typically used and may be changed as required depending on site conditions. The actual procedures 


used should be documented in the sampling report.  


2.1.1 Helvetia Area Drainages 


The focus of the analyses associated with the drainages originating in the vicinity of the Rosemont-owned 


properties on the west side of the Santa Rita Mountains will be three (3) key drainages and two (2) sub 


drainages. These drainages include: 


• Drainage 1: The drainage that originates within and above the main Helvetia area; 


• Drainage 2: The drainage that originates near the Ridley Mine; 
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• Drainage 3: The drainage that comes from the Peach Knob Hill and Imerys marble quarry area; 


and 


• Drainage 4a, 4b: Two sub-drainages in vicinity of the Tip Top mine in the Peach Knob Hill area. 


Depending on the location, chemical and biological factors will be addressed by taking and analyzing soil 


samples obtained from within the drainages. Figures 1, 2, 3 and 4 show the anticipated soil sampling 


locations along Drainages 1, 2, 3 and 4. Field observations will also be taken to supplement sample 


collection and analysis. Other field observations will be taken as needed to address physical factors, such 


as documenting drainage paths (or impeded paths) to the Santa Cruz River.  


The following sections describe the chemical, physical, and biological factors to be documented along 


these drainages. 


2.1.1.1 Chemical Factors: Sample Locations and Procedures 


For the drainages mentioned above, the sampling team will collect soil samples within the drainages as 


described below. Soil sampling will be generally concentrated downstream of potential sources of 


chemicals (Columbia Smelter, Ridley Mine, and Tip Top Mine), then taper off downstream, reducing the 


frequency of sampling. Sample locations shown on the figures will be field modified as needed to include 


drainage junction points or other as needed features, such as the start and end of residential areas. 


Samples will be collected in the drainages as follows: 


• Helvetia/Copper World drainage (Drainage 1): Sampling will occur every 0.25 mile starting 0.5 


mile (2 samples) above the Columbia Smelter just south of Helvetia, continuing at that interval 


past the historic Columbia Smelter until the end of the Rosemont property boundary at “F Block”. 


Sampling will then occur at 1-mile intervals for 5 miles and then at 2 mile intervals for 


approximately 4 miles. The final soil sample will be taken at the Santa Cruz River as access 


permits. 


• Ridley Mine drainage (Drainage 2): Initial soil samples will be taken 0.5 mile upstream (2 


samples) prior to the Ridley Mine. Two soil samples will be taken within the potential source of 


chemicals, within the tailings of the mine. Sampling will occur just below the mine within the 


wash channel at an initial interval of 100-feet for a total of 500-feet. The next sample will be at 


500-feet and then continue every 1 mile for approximately 12 miles until the final sample is taken 


within the Santa Cruz River.  


• Imerys marble quarry drainage (Drainage 3): Sampling will start on Rosemont private land (“F-


Block”) in the drainage below the marble quarry.  Sampling will occur every 0.25 mile through 


the Rosemont property, then reduce samples to every 1 mile for 5 miles past the property 


boundary where it converges with Drainage 1. An additional sample is planned below the 


confluence with Drainage 4a, a drainage below Tip Top Mine. Note: The drainage from the Tip 
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Top Mine area also connects into the Imerys marble quarry drainage (Drainage 3) via Drainage 


4b. 


• Tip Top Mine drainages (Drainage 4a and 4b): The Tip Top mine is located on Peach Knob Hill. 


Two source samples will be collected within the tailings of Tip Top mine on each side of the 


ridgeline. These sample locations will be selected to include the most likely materials to be 


transported downstream. The drainages that run east and west of the Tip Top mine will each be 


sampled beginning with a sample immediately below the mine tailings. Sampling will then 


continue at an interval of 100-feet for a total of 500-feet. The next sample will be at 500-feet and 


then continue every 0.25 miles until the drainage converges with the drainage coming from 


Imerys (Drainage 3).  


• Additional sampling will occur where access permits downstream of Imerys marble quarry in an 


additional drainage that runs northwest near Wilmot Road and Sahuarita Road. Sampling will 


also occur where access permits along Sahuarita Road and Dawson Road where the Drainage 1 


route appears to be altered by road construction. 


A minimum of a 150-gram soil sample (or the volume of a sandwich bag) will be collected at each soil 


sampling location. A minimum of 500-gram soil samples will need to be collected where biological 


samples are conducted in Drainage 1. The samples will be collected using a small scoop using the 


following methodology: 


• A 3-foot diameter circle (hula hoop) will be placed in the middle of the drainage, and along both 


margins of the channel at the designated soil sampling location; 


• Remove extraneous surface material, such as rocks, glass, vegetation. Soil samples should not 


include particles larger than can pass through a No. 5 sieve; 


• Near-surface soil samples (1-inch depth) will be taken with a small scoop (leveled tablespoon) 


from 5 points within each of the 3 circles as shown on Illustration 1; 


• A composite sample will be thoroughly mixed within a bowl, sieved with a No. 5 sieve;  


• Separate a small portion of the sample (2-3 teaspoons), add water to this portion of the sample to 


make the sample moist, and collect soil color (hue, value, chroma) in the field using the Munsell 


Color Chart.  


• The remainder of the composited sample material (sandwich bag volume) will be placed in a zip 


lock bag and labeled for lab analysis. The sample shall be recorded on a chain of custody prior to 


submittal to the soil laboratory. 


• In Drainage 1, where biological samples will be collected, in addition to the soil sample collected 


as described above, place 3 to 4 composite sample locations within the root zone or crown of the 
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mesquite tree selected for sampling, spaced evenly around the mesquite tree (or alternative plant 


species). At these locations, a total of 9 samples will be collected within each hula hoop as seen in 


Illustration 2, then sieved and placed into a sample size. A portion of the sample will be 


extracted to obtain the soil color using the Munsell color chart. A total sample size of 500-grams 


of material (sandwich bag volume) will be placed in a zip lock bag and labeled for analysis. The 


samples will be recorded on the chain of custody form. 


• Discard any unneeded sample where removed. 


• The soil scoop, sieve, and mixing bowl will be decontaminated between each sample location by 


spraying Alconox, then triple rinsing with distilled water. Dry between sample locations. 


• Observe and note the characteristics of the sample and sampling area on the provided form. 


Record any striking differences that may suggest a high variability in the subsequent analysis 


(i.e., abrupt color or texture change, presence of ash or other foreign substance, etc.).  


• A photograph of each soil sample location will be taken with a photo identification label on a dry 


erase board placed next to the soil hoop, capturing the whole cross section of the wash.  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


3 feet 
 


Illustration 1. Soil Sampling Methodology (sample 


points). 


 


3 feet  


Illustration 2. Soil Sampling Methodology for 


Biological Samples (sample points).  


 


2.1.1.2     Physical Factors: Locations and Procedures 


An environmental scientist will document the path of the various drainages flowing across Rosemont’s 


private land to the Santa Cruz River. However, if the drainage is blocked by roads or ends in agricultural 


fields then that condition will also be documented, photographed, and a GPS location will be collected.  
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The scientist will document all potential flow paths flowing across or from Rosemont’s property, not just 


those drainages shown on Figures 1, 2, 3 and 4. GPS tracks will be recorded in areas where flow was 


investigated by hiking the drainage, tracing the active channel by identifying the lowest (in elevation) 


path within the drainage. The analysis performed for the West Side AJD documents will also be reviewed 


for pertinent information on potential drainage paths. GIS investigation may further determine flow 


direction based on digital elevation models (DEMs) or Lidar surveys may be conducted in selected areas. 


While navigating washes for soil sample collection, the soil sampling team will document any potential 


obstructions to water flow, including road crossings and stock tanks. If field reconnaissance of drainage 


paths differs from the planned drainage route, the discrepancy will be relayed to the field supervisor to 


investigate and update the sampling plan to accurately reflect the actual drainage path.  


A GIS analysis using Normalized Difference Vegetation Index (NDVI) will be conducted to detect a 


color signature in Drainage 3 and other flow paths coming from the Imerys marble quarry. The flow path 


distance will be calculated to determine if limestone from the quarry has a physical connection to the 


Santa Cruz River.  


2.1.1.3 Biological: Sample Location and Procedures 


In Drainage 1, the sampling team will collect live plant matter for analysis of potential uptake of chemical 


constituents (phytoextraction; see Illustration 3). Plants selected for analysis are anticipated to occur 


within the high-water mark of the drainage. Different species extract different elements from the soils. 


The species selected for biological sampling will ideally be a hyperaccumulator, capable of absorbing 


high levels of metals within their roots, shoots, and/or leaves as compared to non-hyperaccumulators 


which uptake and store metals only within their roots. The species selected for analysis is the velvet 


mesquite (Prosopis velutina). This species is widespread throughout the area, likely to occur at most 


sampling locations. 


 


When selecting the soil sampling location, plants present at the location should also be considered and the 


sampling location can be move accordingly (+/-100 feet, except for locations near potential chemical 


sources). For each plant sample, collect 60 to 100 leaves (~10 grams). Collect fully matured leaves. 


Record if the plant is stressed.  Note insect damage or disease on the plant. Use a paper bag to collect the 


sample, recording the sample ID on the bag with a permanent marker and also record it on the chain of 


custody. 


 


Three (3) controls of each species used will be taken from an upland area, away from the potential path of 


chemicals down a stream and where disturbances are not observed. Control locations will be 


photographed and GPS coordinates taken. The soils of the control sites would ideally be non-


contaminated, containing lower levels of metals as compared to the drainages. Likewise, if plants are 


extracting metals from the soil, it would be expected for the leaves to contain higher levels of metals in 


the drainages as compared to the control sites. 
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Illustration 3. Phytoextraction Process (Mendez & Maier, 2008). 


 


2.1.2 Ina Road WWTP 


Discharges from the Ina Road WWTP will be evaluated to ascertain the mobility and transportability of 


selected analytes in an arid system. Publicly available information will be evaluated from the Arizona 


Department of Environmental Quality (ADEQ), Pima County Department of Environmental Quality 


(PDEQ), Pima County Wastewater Reclamation Department (PCWRD), and other sources related to 


water chemistry in the Santa Cruz River, downstream of the Ina Road WWTP.  The data will be reviewed 


to determine if conclusions can be drawn regarding the mobility of certain analytes, such as nitrogen and 


phosphorous.  


2.1.2.1 Chemical Factors: Locations and Procedures 


The sampling team will collect soil and surface water samples (wastewater effluent) within the Santa 


Cruz River downstream of the WWTP where access is allowed. A water sample will be collected just 


prior to the water drying up and where soil samples will start to be collected at or just below that same 


point as well as below the source (see Figure 5). The sampler will wear nitrile gloves when collecting the 


water sample, ensuring that any preservatives remain in the bottle while collecting the sample. The 


sampler will need to fill 1- 250mL No Preservatives bottle, 1- 250mL amber glass bottle, 1- 250mL 


sulfuric preservatives bottle, and 1- 250mL nitric preservatives bottle at each sampling location. The 


water sample will be placed in a cooler chest with ice. The sample will be delivered to the analysis lab 


within 48 hours or less following all sampling efforts associated with the WWTP. Applicable elements of 


the Rosemont Copper Project Water Programs Quality Assurance Project Plan (QAPP) – Baseline 


Conditions will be followed by samplers.   
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Soil sampling would continue at 0.25-mile intervals for 2 miles and then at 1-mile intervals for 3 miles 


(Figure 5). Soil sampling would be performed with the same technique as illustrated in Section 2.2.1.1. A 


150-gram sample (sandwich size bag volume) would be taken. Due to nitrite and nitrate analyses, these 


soil samples will be kept cold to limit microbial activity and promptly shipped to the analysis lab. 


2.2 EQUIPMENT 


Equipment that is anticipated to be used as part of this sampling effort is described below in Table 1. 


Table 1. Soil Sampling Equipment 


Description of Supplies Purpose of Supplies 


Documentation Supplies  


Sampling plan/maps/plot plan  Used to follow approved sampling plan and document actual 


locations of samples.  GPS/Survey equipment 


Camera, datasheets, logbook, white board, 


dry erase markers, eraser 


Chain of custody forms For submittal of sample to lab(s) 


Sampling Equipment: Soil  


Soil sieve, mixing bowl To remove surface vegetation, rocks, debris & composite sample 


together. 


Soil scoop  Disposable and/or stainless steel. 


Munsell Color Chart  To provide consistent color in logs.  


Containers & Packaging Supplies  


Plastic bags (sandwich sized ziplock bags, 


double bag) 


Appropriate size depending on analyses to be performed.  


Paper bags, clippers To remove leaves from plants, place leaves in bag 


Labels & marking pens  To uniquely identify samples.  


Bubble wrap/cushioning materials To protect samples from ice.  


Shipping tape  To seal shipping container.  


Custody seals & chain-of-custody  To maintain & document sample integrity.  


Bucket  For storing and shipping sample  


Decontamination Supplies  


Detergent sprayer, Alconox, brush & 


distilled water  


To clean & rinse sampling equipment. 


Paper towels/wipes  To speed dry equipment. 


Plastic sheets/bags  To protect equipment from contamination.  


Large trash bags To collect discarded supplies & equipment. 


Water Sampling Supplies  


Nitrile gloves  


Lab-supplied bottles To place the water sample in, which includes preservatives if needed. 


Cooler, Ice Store water sample in cooler surrounded by ice. 
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3. TEST METHODS AND LABORATORIES 


 


Table 2 (below) describes the test methods to be used to assess soil, water and plant samples collected as 


part of the present program. Methods of analysis are selected to provide description of specific aspects of 


potential connectivity, as described below. 


EPA Method 1312/6010: Synthetic Precipitation Leaching Procedure. This method will be used to 


characterize chemical constituents that may be mobilized from the western flank of the Santa Rita 


foothills that are transported dissolved in water. Adsorption and chemical precipitation from solution may 


deposit these constituents in easily mobilized phases of the soils/sediments. SPLP, a relatively gentle 


leach procedure will recover most of these. Method 6010 analysis will produce detection limits 


sufficiently low to gauge trends within the overall drainage sample set. 


EPA Method 3050/6010: Acid Digestion of Sediments, Sludges and Soils. Digestion with method 3050 


will leach constituents from all but the most chemically resistant phases. Method 6010 analysis will 


produce detection limits sufficiently low to gauge trends within the overall drainage sample set. 


Standard methods of wastewater analysis (see Table 2) will be used to characterize water samples 


collected that are associated with the Ina Road Water Treatment Plant and compared against the Arizona 


Department of Environmental Quality (ADEQ) “Santa Cruz River (EDW) – Agua Nueva Outfall to 


Baumgartner Road segment”: Partial Body Contact (PBC) and Aquatic and Wildlife – effluent dependent 


water (EDW) standards. 


Analyses for soil and plant samples will be conducted by ACZ Laboratories in Colorado. 


Analyses for water samples will be conducted by Turner Laboratories in Tucson, Arizona.  
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Table 2. Analytical Methods 


Media Location Parameter Test Method Quantity 


Soil All  pH, EC  Paste pH, paste EC (or Arizona 


equivalent) 


96 + 20 


+ 13 = 


129  


Soil 


 


Drainages 


1, 2, 3, 4  


  


Cu, Cd, Ni, As, Se, Mo, Zn, Sb, Pb, 


Fe, Hg, Al, Mn, Tl, Ca, Mg 


Synthetic Precipitation Leaching 


Procedure (SPLP) EPA 1312 


96 


Total inorganic carbon LECO 96 


Total Sulfur ASTM E1915-11: LECO 


furnace  


96 


Cu, Cd, Ni, As, Se, Mo, Zn, Sb, Pb, 


Fe, Hg, Al, Mn, Tl, Ca, Mg 


EPA 3050B: Acid Digestion of 


Sediments, Sludges and Soils 


96 


Soil 


(Sample 


collected 


under 


plant) 


Drainage 


1 


Soil texture/grain sizes Hydrometer 20 


Total organic matter Combustion or wet weight (%) 20 


plant-available: Cu, Cd, Ni, As, Se, 


Mo, Zn, Sb, Pb, Fe, Al, Mn, Ca, Mg 


AB-DPTA; EPA 300, 6010D; 20 


Cu, Cd, Ni, As, Se, Mo, Zn, Sb, Pb, 


Fe, Al, Mn, Ca, Mg 


Synthetic Precipitation Leaching 


Procedure (SPLP) EPA 1312 


20 


  Cu, Cd, Ni, As, Se, Mo, Zn, Sb, Pb, 


Fe, Al, Mn, Ca, Mg 


EPA 3050B: Acid Digestion of 


Sediments, Sludges and Soils 


20 


Plants 


(Leaves) 


Drainage 


1 


Cu, Cd, Ni, As, Se, Mo, Zn, Sb, Pb, 


Fe, Al, Mn, Ca, Mg 


Complete digestion/total 


concentrations  


20 + 3 


controls 


Soil 


 


Ina Road 


WWTP 


 


NO3, NO2, P, SO4, HCO3 EPA 300.0, EPA 6010D 13 


Total organic carbon (TOC) Combustion (ASA 9 29-2.2.4) 13 


Total inorganic carbon LECO 13 


Cu, Cd, Ni, As, Se, Mo, Zn, Sb, Pb, 


Fe, Hg, Al, Mn, Tl, Mg 


Synthetic Precipitation Leaching 


Procedure (SPLP) EPA 1312 


13 


Cu, Cd, Ni, As, Se, Mo, Zn, Sb, Pb, 


Fe, Hg, Al, Mn, Tl, Mg 


EPA 3050B: Acid Digestion of 


Sediments, Sludges and Soils 


13 


S LECO: ASTM E1915-11 for 


Sulfur 


13 


Water Effluent 


stream 


from Ina 


Road 


WWTP  


Total P, NO3, NO2, SO4, HCO3, 


DOC (dissolved organic carbon), 


Cu, Cd, Ni, As, Se, Mo, Zn, Sb, 


Pb, Fe, Hg, Al, Mn, Tl 


SM 1030E (NO3, NO2) 


EPA 365.1 (P) 


EPA 415.2 (DOC) 


EPA 200.7, 200.8, 245.1 


2 
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4. SAMPLE COLLECTION 


4.1 SAMPLE PRESERVATION, CONTAINERS, HANDLING AND STORAGE  


Chemical preservation of soil is not recommended. Soil samples should be protected from sunlight to 


minimize potential reaction or minimize biological activity. Water samples will be collected in lab-


supplied bottles with as needed preservatives. 


4.2 INTERFERENCES AND POTENTIAL PROBLEMS  


Cross contamination and improper sample collection are potential problems associated with this sampling 


project. Cross contamination can be eliminated using disposable equipment that is used once for each 


sample location or sample type then discarded. Reusable equipment requires adequate cleaning between 


uses. Improper collection can also result in insufficient homogenization.  


Soil scoop, sieve, mixing bowl, and clippers will be decontaminated between sample locations by 


spraying Alconox, then triple rinsing with distilled water. Dry between sample locations.  


4.3 QUALITY ASSURANCE/QUALITY CONTROL  


The following general quality assurance (QA) procedures apply:  


1. All data must be documented on field sheets or logbooks.  


2. All instruments must be operated in accordance with operating instructions as supplied by the 


manufacturer, unless otherwise specified in the work plan. Equipment checkout must occur prior 


to sampling/operation and must be documented. 


3. Duplicates. For every 10 samples collected, a duplicate sample will be collected. At these 


locations, a total of 300-gram soil will be composited and split into 2 – 150-gram samples. The 


labels should not indicate that it is a duplicate, but duplicates should be recorded on the field 


sheets. Duplicate names have been determined prior to field collection. For plant samples, the 


same individual plant should be used for obtaining the second duplicate sample. No duplicates 


will be collected for the water samples. However, 2 samples will be taken of the effluent. 


A total of 13 soil samples located along the Ina WWTP, including 1 duplicate sample. A total of 


96 soil samples will be collected on the west side of the Santa Ritas, including 9 duplicate 


samples. There are potentially 19 biological sampling locations (depending on if a mesquite tree 


is present at each soil sampling location); 1 biological duplicate sample will be collected.  


4.4 TRACKING AND HANDLING PROCEDURES 


For each complete sampling event, a chain-of-custody form, as supplied by the analytical laboratory, must 


be completed, and included with the sample containers. Storage and holding times for the samples will be 


according to the direction of the laboratory. Soil samples and biological samples will be shipped and 
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tracked to the analytical lab. The water sample will be hand delivered by the sampling team to a local 


laboratory. 


5. REFERENCES 


Mendez, M. and Maier, R. 2008. Phytostabilization of Mine Tailings in Arid and Semiarid Environments 


– An Emerging Remediation Technology. Environmental Health Perspectives. Vol. 116: 3. P. 278 – 283. 
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Figure 2. Proposed Soil
Sample Locations.
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Figure 3. Proposed Soil
Sample Locations.
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Figure 4. Proposed Soil
Sample Locations.
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Figure 5. Ina Wastewater
Treatment Sampling.
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To: Andre Lauzon 
 


Cc: David Krizek, Clarissa Barraza 
 


From: Matt Cunningham  
 


Department: Environmental, Geology, Engineering 
 


Date: 22Sept2021 
 


Subject: Source of metal contamination increase downstream of the Helvetia Mining District at Sahuarita Road  
 


SUMMARY 


One of the key parameters in determining whether the ephemeral washes on Rosemont Copper World Project 


(Project) site’s private land are considered jurisdictional under the Clean Water Act is whether there is a “significant 


nexus” with a downstream “traditionally navigable water” (TNW).  In other words, the washes on private land could be 


determined to be jurisdictional waters if they have a physical, biological, and chemical connection to a downstream 


TNW.   The purpose of this memorandum is to explain the increase in metal concentrations where a small wash 


downstream of the Helvetia Mining District crosses under Sahuarita Road.  The Helvetia Mining District is over 10 air 


miles southeast of the sample point and includes Copper World, the Columbia Smelter, and the Tip Top Mine. 


 


Westland Resources and Hudbay Minerals collected sediment samples for a Connectivity Study to determine if and 


how far sediments were carried downstream the project site by stormwater in the ephemeral drainages. Sampling 


began at potential chemical sources (the Columbia Smelter, Tip Top Mine, and downstream of a marble quarry) and 


continued at various intervals downstream to the point D1-19, over 10 air miles northwest the Helvetia Mining District. 


D1-19 point is located on a side channel near housing developments just north of Sahuarita Road and a few hundred 


feet east of the intersection of Delgado Road. 


 


Geochemical analysis of sediments yielded decreased metal concentrations with increased distance from the 


Helvetia Mining District; however metal values increased again at point D1-19 where the wash crossed under the 


Sahuarita Road a few hundred feet east of the intersection of Delgado Road. 


 


 
Figure 1: Sample Location and proximal areas likely contributing to higher local metals concentrations. 


 


Copper and limonite bearing, angular 


cobble-sized landscaping material 


Sediment Sample Location D1-19 
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Several rock samples were collected from the landscaping material used to fill the banks surrounding the concrete 


culvert and inlet outside the culvert.  The rocks are a mix of clastic sedimentary and meta-sedimentary rocks, angular 


to subangular, cobble size or larger, the majority with conspicuous limonite (iron-oxides), green copper oxides, and/or 


black oxides.  Some of the limonite appears to be from oxidation of sulphide minerals. 


 


For additional verification, the culvert site was revisited on September 21st, 2021.  It was confirmed that the rocks 


analyzed were the same as used in the landscaping material. The same material forms a median on the highway 


over 300’ length, as well as parallel to the sidewalk for over 500’ feet in length. 


 


It can be reasonably surmised that the landscaping material was sourced from one of the local open pit copper 


mines, likely from a waste rock or stockpile location. 


 


It is very reasonable, and likely, the landscaping material releases some metals during rain events, and the 


landscaping material and run-off water from the roadway is the source of metal concentration increase.  The other 


samples further upstream with lower values indicate the Helvetia Mining District is a negligible source of metal 


concentrations at this sample location. 


 


 


 
Figure 2: Rocks from culvert fill.   Conspicuous green copper oxides and dark brown limonite present. 
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Figure 3: Similar rocks are found over 500’ length on either side of the sidewalk on both sides of the culvert.  Photo is 


looking west, taken about 100’ east of the culvert. 


 


 
Figure 4:  Close up of rocks at culvert.  Dark brown limonite on the rock on the right interpreted to be oxidized 


sulphides. 
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Figure 5: Addition photos of rocks along sides of the sidewalk. 


 


 


Case 4:19-cv-00177-JAS   Document 129-5   Filed 04/29/22   Page 72 of 173







 
Figure 6: Photo of site on the sampling date looking upstream.  Note the rock material both above and downstream 


the culvert. 


‘ 


 
Figure 7: Photo of the site on the sampling date looking downstream.  
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1 
Sediment Sample Graphs 
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2 
Sediment Sample Graphs 
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3 
Sediment Sample Graphs 
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4 
Sediment Sample Graphs 
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5 
Sediment Sample Graphs 
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6 
Sediment Sample Graphs 
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7 
Sediment Sample Graphs 
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8 
Sediment Sample Graphs 
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9 
Sediment Sample Graphs 
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10 
Sediment Sample Graphs 
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11 
Sediment Sample Graphs 
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12 
Sediment Sample Graphs 
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13 
Sediment Sample Graphs 
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14 
Sediment Sample Graphs 
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15 
Sediment Sample Graphs 
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Synthetic Precipitation Leaching Procedure, Method 1312 
(Presented in milligrams per killigram) 
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2 
Stormwater Sample Graphs 
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Stormwater Sample Graphs 
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Stormwater Sample Graphs 
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Stormwater Sample Graphs 
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Stormwater Sample Graphs 
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13 
Stormwater Sample Graphs 
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Stormwater Sample Graphs 
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Stormwater Sample Graphs 
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Stormwater Sample Graphs 
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Biological Graphs 
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Biological Graphs – Soil Under Tree 
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Biological Graphs – Soil Under Tree 
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 Biological Graphs – Soil Under Tree 
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21 
 Biological Graphs – Soil Under Tree 
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22 
 Biological Graphs – Soil Under Tree 
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23 
 Biological Graphs – Soil Under Tree 
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24 
 Biological Graphs – Soil Under Tree 


Other Graphs
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ATTACHMENT F 
 


Sediment Sample Photo Log 
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1 
Sediment Sample Photo Log 


Drainage 1 


D1-1 upstream 


 


D1-1 downstream 


 
D1-2 upstream 


 


D1-2 downstream 


 
D1-3 upstream 


 


D1-3 downstream 
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2 
Sediment Sample Photo Log 


Drainage 1 


D1-4 upstream 


 


D1-4 downstream 


 
D1-5 upstream 


 


D1-5 downstream 


 
D1-6 upstream 


 


D1-6 downstream 
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3 
Sediment Sample Photo Log 


Drainage 1 


D1-7 upstream 


 


D1-7 downstream 


 
D1-8 upstream 


 


D1-8 downstream 


 
D1-9 upstream 


 


D1-9 downstream 
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4 
Sediment Sample Photo Log 


Drainage 1 


D1-10 upstream 


 


D1-10 downstream 


 
D1-11 upstream 


 


D1-11 downstream 


 
D1A-12 upstream 


 


D1A-12 downstream
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5 
Sediment Sample Photo Log 


 


Drainage 1 


D1-13 upstream 


 


D1-13 downstream 


 
D1-14 upstream 


 


D1-14 downstream 


 
D1-15 upstream 


 


D1-15 downstream 
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6 
Sediment Sample Photo Log 


Drainage 1 


D1-16 upstream 


 


D1-16 downstream 


 
D1-17 upstream 


 


D1-17 downstream 


 
D1-18 upstream 


 


D1-18 downstream 
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7 
Sediment Sample Photo Log 


Drainage 1 


D1-19 upstream 


 


D1-19 downstream 


 
D1-19 south upstream 


 


D1-19 south downstream 


 
D1-20 upstream 


 


D1-20 downstream 
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8 
Sediment Sample Photo Log 


Drainage 1 


D1-20A upstream 


 


D1-20A downstream 


 
D1-20B upstream 


 


D1-20B downstream 


 
D1-21 upstream 


 


D1-21 downstream 
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9 
Sediment Sample Photo Log 


Drainage 1 


D1-22 upstream 


 


D1-22 downstream 


 
D1-23 upstream 


 


D1-23 downstream 


 
D1-24 upstream 


 


D1-24 downstream 


 
 


 


 


Case 4:19-cv-00177-JAS   Document 129-5   Filed 04/29/22   Page 169 of 173







10 
Sediment Sample Photo Log 


 


Drainage 1 


D1-25 upstream 


 


D1-25 downstream 


 
 


Drainage 2 


D2-S1 source - Ridley Mine looking southeast 


 


D2-S1 source 


 
D2-S2 source – Ridley Mine looking southeast 


 


D2-S2 
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11 
Sediment Sample Photo Log 


 


Drainage 2 


D2-1 upstream 


 


D2-1 downstream 


 
D2-2 upstream 


 


D2-2 downstream 


 
D2-3 upstream 


 


D2-3 downstream 
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12 
Sediment Sample Photo Log 


 


Drainage 2 


D2-4 upstream 


 


D2-4 downstream 


 
D2-5 upstream 


 


D2-5 downstream 


 
D2-6 upstream 


 


D2-6 downstream 
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13 
Sediment Sample Photo Log 


 


Drainage 2 


D2-7 upstream 


 


D2-7 downstream 


 
D2-8 upstream 


 


D2-8 downstream 


 
D2-9 upstream 


 


D2-9 downstream 
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14 
Sediment Sample Photo Log 


Drainage 2 


D2-10 upstream (D2-22 duplicate) 


 


D2-10 downstream 


 
D2-11 upstream 


 


D2-11 downstream 


 
D2-12 upstream 


 


D2-12 downstream 
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15 
Sediment Sample Photo Log 


Drainage 2 


D2-13 upstream 


 


D2-13 downstream 


 
D2-14 upstream 


 


D2-14 downstream 


 
D2-15 upstream 


 


D2-15 downstream 
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16 
Sediment Sample Photo Log 


Drainage 2 


D2-16 upstream 


 


D2-16 downstream 


 
D2-17 upstream 


 


D2-17 downstream 


 
D2-18 upstream 


 


D2-18 downstream 
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17 
Sediment Sample Photo Log 


 


Drainage 2 


D2-19 upstream 


 


D2-19 downstream 


 
D2-20 upstream (D2-21 duplicate) 


 


D2-20 downstream 


 
 


Drainage 3 


D3-1 upstream 


 


D3-1 downstream 
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18 
Sediment Sample Photo Log 


Drainage 3 


D3-2 upstream 


 


D3-2 downstream 


 
D3-3 upstream 


 


D3-3 downstream 


 
D3-4A upstream 


 


D3-4A downstream 
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19 
Sediment Sample Photo Log 


Drainage 3 


D3-4B upstream 


 


D3-4B downstream 


 
D3-5A upstream 


 


D3-5A downstream 


 
D3-5B upstream 


 


D3-5B downstream 
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20 
Sediment Sample Photo Log 


Drainage 3 


D3-6 upstream 


 


D3-6 downstream 


 
D3-7 upstream 


 


D3-7 downstream 


 
D3-8 upstream 


 


D3-8 downstream 
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21 
Sediment Sample Photo Log 


Drainage 4a 


D4a-S1 upstream 


 


D4a-S1 downstream 


 
D4a-S2 upstream 


 


D4a-S2 downstream 


 
D4a-1 upstream 


 


D4a-1 downstream 
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22 
Sediment Sample Photo Log 


Drainage 4a 


D4a-2 upstream 


 


D4a-2 downstream 


 
D4a-3 upstream 


 


D4a-3 downstream 


 
D4a-4 upstream 


 


D4a-4 downstream 
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23 
Sediment Sample Photo Log 


Drainage 4a 


D4a-5 upstream 


 


D4a-5 downstream 


 
D4a-6 upstream 


 


D4a-6 downstream


 
 


D4a-7 upstream 


 


D4a-7 downstream 


 
 


 


Case 4:19-cv-00177-JAS   Document 129-6   Filed 04/29/22   Page 10 of 51







24 
Sediment Sample Photo Log 


Drainage 4a 


D4a-8 upstream 


 


D4a-8 downstream 


 
D4a-9 upstream 


 


D4a-9 downstream 


 
D4a-10 upstream 


 


D4a-10 downstream 
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25 
Sediment Sample Photo Log 


Drainage 4a 


D4a-11 upstream 


 


D4a-11 downstream 


 
Copper Duke East upstream 


 


Copper Duke East downstream 


 
Copper Duke West upstream 


 


Copper Duke West downstream 
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26 
Sediment Sample Photo Log 


Drainage 4 


D4 upstream


 
 


D4 downstream 


 


 


Drainage 4b 


D4b-S1 upstream 


 


D4b-S1 downstream 


 
D4b-S2 upstream 


 


D4b-S2 downstream 
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27 
Sediment Sample Photo Log 


Drainage 4b 


D4b-1 upstream 


 


D4b-1 downstream 


 
D4b-2 upstream 


 


D4b-2 downstream 


 
D4b-3 upstream 


 


D4b-3 downstream 
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28 
Sediment Sample Photo Log 


Drainage 4b 


D4b-4 upstream 


 


D4b-4 downstream 


 
D4b-5 upstream 


 


D4b-5 downstream 


 
D4b-6 upstream 


 


D4b-6 downstream 
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29 
Sediment Sample Photo Log 


Drainage 4b 


D4b-7 upstream 


 


D4b-7 downstream 


 
D4b-8 upstream 


 


D4b-8 downstream 


 
D4b-9 upstream 


 


D4b-9 downstream 
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30 
Sediment Sample Photo Log 


Drainage 4b 


D4b-10 upstream 


 


D4b-10 downstream 


 
D4b-11 upstream 


 


D4b-11 downstream 


 
D4b-12 upstream 


 


D4b-12 downstream 
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31 
Sediment Sample Photo Log 


Drainage 4b 


D4b-13 upstream 


 


D4b-13 downstream 


 
D4b-14 upstream 


 


D4b-14 downstream 


 
D4b-15 upstream 


 


D4b-15 downstream 
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32 
Sediment Sample Photo Log 


Santa Cruz River 


SCR-NH upstream 


 


SCR-NH downstream 


 
SCR-0 (9/9/21) upstream – Pima Mine Rd 


 


SCR-0 (9/9/21) downstream – Pima Mine Rd 


 
SCR-0 (9/15/21) upstream – Above Confluence 


 


SCR-0 (9/15/21) downstream – Above Confluence 
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33 
Sediment Sample Photo Log 


Santa Cruz River 


SCR-1 upstream 


 


SCR-1 downstream 


 
SCR-SJ upstream 


 


SCR-SJ downstream 


 
SCR-2 (9/9/21) upstream 


 


SCR-2 (9/9/21) downstream 
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34 
Sediment Sample Photo Log 


Santa Cruz River 


SCR-3 upstream 


 


SCR-3 downstream 


 
SCR-4 upstream 


 


SCR-4 downstream 


 
SCR-5 upstream 


 


SCR-5 downstream 
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35 
Sediment Sample Photo Log 


Santa Cruz River 


SC-1 upstream 


 


SC-1 downstream


 
SC-2 upstream 


 


SC-2 downstream 


 
SC-3 upstream 


 


SC-3 downstream 
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36 
Sediment Sample Photo Log 


Santa Cruz River 


SC-4 upstream 


 


SC-4 downstream 


 
 


SC-5 upstream 


 


SC-5 downstream 


 
SC-6 upstream 


 


SC-6 downstream 
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37 
Sediment Sample Photo Log 


Santa Cruz River 


SC-7 upstream 


 


SC-7 downstream 


 
SC-8 upstream 


 


SC-8 downstream 


 
SC-9 upstream 


 


SC-9 downstream 
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38 
Sediment Sample Photo Log 


Santa Cruz River 


SC-10 upstream 


 


SC-10 downstream 


 
SC-11 upstream 


 


SC-11 downstream 


 
 


SC-12 upstream 


 


SC-12 downstream 
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39 
Sediment Sample Photo Log 


Tributaries 


Daw-1 upstream 


 


Daw-1 downstream 


 
Daw-2 upstream 


 


Daw-2 downstream 


 
SR-1 upstream 


 


SR-1 downstream 
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40 
Sediment Sample Photo Log 


Tributaries 


NHE upstream 


 


NHE downstream 


 
WR-1 upstream 


 


WR-1 downstream 


 
WR-2 upstream 


 


WR-2 downstream 
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Sediment Sample Photo Log 


Tributaries 


SR-2 upstream 


 


SR-2 downstream 
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ATTACHMENT G 
 


Stormwater Sample Location Photo Log 
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1 
Stormwater Sample Location Photo Log 


Drainage 1 


Below Smelter - upstream


 


Below Smelter - downstream


 
Above Smelter - upstream 


 


Above Smelter - upstream 


 
CW (Copper World) upstream 


 


CW (Copper World) downstream 
 
 
 
 
 


No Photo Taken 
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2 
Stormwater Sample Location Photo Log 


 


Drainage 1 


D1-1 upstream 


 


D1-1 downstream


 
D1-2 upstream 


 


D1-2 downstream 


 
D1-3 upstream


 


D1-3 downstream 
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3 
Stormwater Sample Location Photo Log 


Drainage 1 


D1-4 upstream 


 


D1-4 downstream 


 
D1-5 downstream 


 


D1-5 downstream


 
D1-7 upstream 


 


D1-7 downstream 
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4 
Stormwater Sample Location Photo Log 


 


Drainage 1 


D1-19/D1-19 Barrel – upstream (Sahuarita Road) 


 


D1-19 downstream 


 
NH upstream (Nogales Highway) 


 


NH downstream 


 
Daw-1 upstream (Dawson Road) 


 


Daw-1 downstream 


 
 


  


Case 4:19-cv-00177-JAS   Document 129-6   Filed 04/29/22   Page 33 of 51







5 
Stormwater Sample Location Photo Log 


 


Drainage 1 


Daw-2 upstream 


 


Daw-2 downstream 


 
Daw-CC upstream 


 


Daw-CC downstream 


 
Daw-4 


 


Daw-4 
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6 
Stormwater Sample Location Photo Log 


 


Drainage 1 


WGHS-W upstream 


 


WGHS-W downstream 


 
  


 


Drainage 2 


D2 - upstream 


 


D2 - downstream 


 
D2-0 upstream (samples washed out) 


 


D2-0 downstream 
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7 
Stormwater Sample Location Photo Log 


 


Drainage 2 


D2-1 upstream – below Ridley Mine 


 


D2-1 downstream 


 
D2-2 (No Sample) 


 


D2-2 (No Sample) Downstream 


 
D2-NH upstream


 
 


D2-NH downstream 
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8 
Stormwater Sample Location Photo Log 


 


Drainage 2 (downstream of Santa Cruz River Confluence) 


SCR-RR upstream 


 


SCR-RR downstream 


 
 


Drainage 3 


D3-1 upstream 


 


D3-1 downstream 


 
D3-2 upstream 


 


D3-2 downstream 
 
 
 
 
 
 


No Photo Taken 
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9 
Stormwater Sample Location Photo Log 


Drainage 4 


D4 upstream 


 


D4 downstream 


 
D4a-1 


 


D4a-1 


 
D4a-2 upstream 


 


D4a-2 downstream 
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10 
Stormwater Sample Location Photo Log 


 


Drainage 4 


Drainage 4a looking east – Tip Top Mine 


 


Drainage 4b looking west – Tip Top Mine 


 
TTA-1 upstream below source 


 


TTA-1 downstream 


 
TTA-2 upstream 


 


TTA-2 downstream 
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11 
Stormwater Sample Location Photo Log 


 


Drainage 4a 


TTA-3 


 


TTA-3 


 
TTB-1 upstream below source 


 


 


TTB-1 downstream 


 


 


  


Case 4:19-cv-00177-JAS   Document 129-6   Filed 04/29/22   Page 40 of 51







12 
Stormwater Sample Location Photo Log 


 


Drainage 4 


TTB-3 


 


TTB-3 upstream 


 
TTB-2 upstream 


 
 
 
 
 


No Photo Taken 


TTB-2 downstream 


 
D4b-1a (upstream, side drainage) 


 


D4b-1a (downstream, side drainage) 
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13 
Stormwater Sample Location Photo Log 


 


Drainage 4 


D4b-1b (D4b-1) 


 


D4b-1b (D4b-1) 


 
D4b-2 upstream 


 


D4b-2 downstream 
 
 
 
 
 


No Photo Taken 


 


Santa Cruz River 


SCR-SJ upstream 


 


SCR-SJ downstream 
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14 
Stormwater Sample Location Photo Log 


Santa Cruz River 


SCR-GT upstream 


 


SCR-GT downstream 


 
SCR-22 upstream 


 


SCR-22 downstream 


 
SCR-PR upstream 


 


SCR-PR downstream 
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15 
Stormwater Sample Location Photo Log 


 


Santa Cruz River 


SCR-DN upstream 


 


SCR-DN downstream 


 
SCR-Ina upstream 


 


SCR-Ina downstream 
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ATTACHMENT H 
 
 


Plant Sample Photo Log 
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1 
Plant Sample Photo Log 


Plant Sample Photo Log 


Drainage 1 


D1-1 


 


D1-2 


 
D1-3 Tree 


 


D1-4 Tree 


 
D1-5 Tree 


 


D1-6 Tree 


 
 


Case 4:19-cv-00177-JAS   Document 129-6   Filed 04/29/22   Page 46 of 51







2 
Plant Sample Photo Log 


Drainage 1 


D1-7 Tree 


 


D1-8 Tree 


 
D1-9 Tree 


 


D1-10 Tree 


 


D1B-11 Tree 


 


D1A-12 Tree 
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3 
Plant Sample Photo Log 


Drainage 1 


D1-13 Tree 


 


D1-14 Tree 


 
D1-15 Tree 


 


D1-16 Tree 


 
D1-17 Tree 


 


D1-18 Tree 
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4 
Plant Sample Photo Log 


Drainage 1 


D1-19 Tree 


 


D1-19 south Tree 


 
D1-20 Tree 


 


D1-20A Tree 
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5 
Plant Sample Photo Log 


Drainage 1 


D1-20B Tree 


 


D1-21 Tree 


 


D1-22 Tree 


 


D1-23 Tree 


 


D1-24 Tree 


 


D1-25 Tree 
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6 
Plant Sample Photo Log 


 


 


Drainage 1 


Control A 


 


Control B 


 
Control C 
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Transport Report
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Rosemont Copper Company 


5255 E. Williams Circle, Suite 1065 


Tucson, Arizona 85711 


Hudbay.com 


Memo 
 


1 


 


To: Andre Lauzon 
 


Cc: David Krizek 
 


From: Clarissa Barraza, Matt Cunningham  
 


Department: Environmental, Geology, Engineering 
 


Date: 11Oct2021 
 


Subject: Using fugitive limestone silt from Imerys limestone quarry to extrapolate the potential range of 
transport from the Rosemont Copper World Project site via ephemeral washes. 


 


SUMMARY 


One of the key parameters in determining whether the ephemeral washes on Rosemont Copper World Project 


(Project) site’s private land are considered jurisdictional under the Clean Water Act is whether there is a “significant 


nexus” with a downstream “traditionally navigable water” (TNW).  In other words, the on-site washes could be 


jurisdictional waters if they have a physical, biological, and chemical connection to a downstream TNW.   The purpose 


of this memorandum is to analyze the transport of fugitive limestone silt from the Imerys limestone quarry as a 


prudent proxy for other potential contaminants to inform on the “physical connectivity” of the Project area to 


downstream waters. Potential contaminants from a future Hudbay operations would likely have a density more than 


twice higher than limestone powder and as such be transported over shorter distances. 


 


Rain events in this region are episodic, of varying duration and volumes. Since the Imerys quarry has been in 


operation for approximately 50 years, it has experienced a wide range of rain events. Therefore, it is appropriate to 


evaluate the transport distance of the uncontrolled fugitive limestone silt from the site as representative of the 


potential for contaminants to be washed downstream from the area in general. 


 


This study quantitatively assesses the conveyance of the limestone powder down the ephemeral wash from its 


source, the Imerys Mine.  The Imerys quarry is directly adjacent to the Project area and shares the same washes 


draining the area during storm events. The surface water features found in the area allow rainwater to eventually 


discharge into the Santa Cruz River although depending on the travel distance, volume and flowrate. Analysis of 


aerial photography, combined with ground surveys, indicate that the maximum reach of fugitive limestone silt from the 


Imerys quarry (either through suspended particles or soluble solution) is approximately 8 miles downstream (see 


Figure 1).  


 


Potential contaminate sources from the Project could be sulphide or oxide particles in granular form that may be 


transported down the ephemeral washes during storm events. Those particles, by their chemical nature, have a 


greater specific gravity than the limestone silt and are therefore expected to travel shorter distances than the 


limestone silt granules. Another mode of transport of these potential contaminants is in solution where the 


contaminants travel until pH conditions change thereby causing precipitation or flowing until the flow stops and 


precipitate occurs due to evaporation. Evaporation is a major contributor to changes in pH, and given the consistent 


make-up of the limestone silt, precipitation in this case is more likely due to water evaporation. 


 


The precipitated residue accumulation (i.e., calcite) was analyzed microscopically to determine if the residual calcite 


marker noted in the washes were: 


 


1. silty granules settled in drying puddles; or  


 


2. crystalline in nature, thus reflecting calcium in solution precipitating as water dried up in the furthest reaches 


of the water flows.  


Case 4:19-cv-00177-JAS   Document 129-4   Filed 04/29/22   Page 2 of 24







 


 


2 


 


In summary, the furthest distance where the presence of limestone silt is found would indicate the maximum distance 


that the water could carry particles lighter (less dense) than the expected particles from the Project deposits.  


Additionally, in the case of precipitates distinct to Imerys it would indicate the maximum distance water travelled from 


the origin, which could potentially host contaminants from the Project in aqueous form. In either case, the unique 


characteristics and purity of the Imerys quarry limestone silt serves as an ideal visual marker for tracing transport due 


to storm flow events over the quarry’s 50-year history. 


 


The results of this study indicate no evidence of limestone past 8 miles downstream of the ephemeral washes. 


Neither visible calcite in any form, including precipitated calcite, was detected (through imagery, ground survey and 


microscopically) at the sample Point 3 which is 7.38 river miles from the source supporting the conclusion. Therefore, 


sediment fugitives from the Project will not have the ability to be transported by the washes to the Santa Cruz River 


nor to any traditionally navigable water. 


 


DESCRIPTION 


 


Imerys Mine is a marble-limestone quarry located 15 miles southeast of Sahuarita and located northwest of the 


Rosemont Copper World Project. Imerys operations, which have owned the mine since 1997, produces limestone for 


distribution.  This area has been mined for limestone since 1972; previously owned by Homestake Productions. The 


limestone (primarily calcium carbonate) residue can be seen throughout the area as a white powder that is carried 


downstream in the ephemeral washes during storm events. 


 


The study area, seen in Figure 1, includes the Imerys Mine and the downstream drainages where samples have been 
taken at different points (1, 2, & 3).  In addition, at approximately 1.85 miles downstream of the Imerys Mine, a short 
distance past Sample Point 2, the drainage is along the edge of a small hill mapped as Pennsylvanian Horquilla 
Formations, a limestone and siltstone bearing formation (Figure 2).  This outcrop, although undisturbed, could 
potentially contribute additional calcium carbonate material, either dissolved, or as suspended load, during rain 
events; albeit expectedly minor compared to the broken crushed limestone material originating from the Imerys Mine. 
It is important to recognize that these contaminants added to the flow may revitalize the silt allowing the perceived 
travel distance from Imerys to increase.  The study did not take into consideration the possibility that at the 1.85 mile 
mark additional limestone is added to the flow.  It is assumed that all the contaminants are from the Imerys mine and 
conservatively traveled the full 8 miles.    
 


This study used the presence of limestone sands and fine limestone residue as a visual indicator of the process of 


physically moving particles through the drainages (washes). The limestone residue results in a white or lighter color 


on google earth imagery and can be distinguished from those washes that do not carry limestone silt; this was used 


to determine the path of limestone transport.   By comparing the samples and site photos taken at 3 different 


locations, and the aerial photography from google earth (imagery 2020), there is quantitative confirmation that the 


limestone silt traveled downstream about 8 miles; 7.54 river miles for path A, 7.38 river miles for path B.  


 


The paths seen in Figure 1, (Path A and Path B), were chosen by following the white/light color limestone silt as it 


traveled downstream in the ephemeral washes.  The source at Point 1, taken at about 0.5 road miles from the quarry, 


was chosen due to the abundance of limestone powder.  The ephemeral wash was followed downstream until it 


reached a fork. The wash diverged at the fork and the path was split between paths A and B.  Both paths were traced 


and at about 7 to 8 river miles the color of the washes in the imagery was similar to the colors in the surrounding area 


washes, this was evidence that the limestone had not reached those points in significant enough quantities to be 


visually observable. 


 


As stated, the first sample (Point 1) was taken at about 0.5 road miles from the Imerys quarry due to the high amount 


of contaminant.  Point 2 sampling was downstream of Point 1, about 2 river miles distant. Point 2 was chosen as 


sporadic deposits of calcite were present as indication of precipitation. Point 3 was taken at a wash near Wilmot 


Road, northwest of Point 2, where the color was found to be the same as the surrounding area washes and had no 


indication of the presence of limestone.  The area surrounding the wash at Point 3 is a residential area and highly 


disturbed with a road separating the drainage.  


 


Ground investigations were completed that included taking photographs at the 3 sample points.  The sample points 


were chosen through Path B to provide evidence that the imagery was reflective of the silt’s flow pattern. Samples 


from these areas were also evaluated microscopically.  At each sample point, 2 specimens were taken, a “Loose 
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Sand Sample” and a “Compacted Soil/Solid Sample”. The “Loose Sand Sample” was taken to investigate the 


distance the limestone powder travels through suspension in stormwater flow.  The “Compacted Soil/Solid Sample” 


was taken to investigate the travel distance of soluble calcium carbonate as it precipitates and is deposited 


downstream; note that calcium carbonate is the cementing agent that binds soil particles together and produces a 


stable soil structure.     


 


Figure 1 – Study Area Map, Sample Points and Paths 


  


 
 


 


Figure 2 – Study Area Map, Pennsylvanian Horquilla Formation 


 


  


1 mi 


This outcrop potentially could contribute additional calcium carbonate material. However, 
the study did not take into consideration that at the outcropping additional limestone is 
added to the flow.  It is assumed that all the contaminants are from the Imerys mine and 
conservatively traveled the full 8 miles.    
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TRANSPORT METHODOLOGY 


 


1. Method: Suspension of Limestone 
One method of conveying calcium carbonate is through the suspension of limestone powder in water during storm 


flows. The bulk density of pulverized limestone is about 68 lb/ft^3.  As compared to water (62.4 lb/ft^3), the limestone 


powder has a specific gravity of 1.1 which indicates that the powder is easily suspended in water.  Any substance with 


the specific gravity less than one (1) will be suspended in water.  The closer a substance is to one (1) the easier the 


material will transport.  As a reference, fine sand has a bulk density of 125 lb/ft^3 (SG of 2.0).  


 


Sediment transport occurs when particles (sands, grains, etc.) are entrained with water and the flow suspends the 


particles with enough velocity to move them.  Typically for fine solids, the minimum flow velocity needed for 


suspension is 3-5 ft/s.  Thus, during the storm flows and with its specific gravity, the limestone powder will flow down 


the wash until the velocity is under 3 ft/s at which point the material will settle out the granular residue and leave the 


white/lighter markings in the drainage.    


 


Rosemont’s 43-101 Technical Report identifies specific gravities per lithology found in the Project area, see reference 


section. The sulfide specific gravity mean ranges from 2.4 to 2.6.  A chart of different material bulk densities is also 


provided in the reference section. Again, all of these denser materials will settle out of flowing water much earlier than 


the limestone powder with a specific gravity of just over one (1). 


    


2. Method: Soluble Limestone 


The solubility properties of calcium carbonate also contribute to the conveyance and deposition of the white limestone 


silt. Limestone, composed of calcium carbonate, forms in marine settings which typically have a pH of 8 or greater 


(slightly basic). Calcium carbonate in neutral water (pH 7) has a low solubility but solubility increases with increased 


acidity. Rainwater is weakly acidic (typically pH of 5.0 – 5.5 due to carbonic acid generated from dissolved CO2). 


When rainwater is added to limestone, some of the calcium carbonate reacts to form a calcium bicarbonate solution. 


As the water evaporates it leaves behind a calcium carbonate deposit. This deposit solidifies as sheets and films.  


Similarly, the sample taken at point 1 was magnified at 40 times and the structure was found to be smooth and 


layered; like a stalagmite. It was also noted that the calcite solids (crystals) that did not dissolve in the solution and 


were moved via sediment transport were encapsulated in the sheets/films.   


 


As the solution moved downstream and evaporation occurred, deposition became sporadic and encapsulated other 


sediments found naturally in washes.  The sample color (as well as the surrounding area) was not as white as before 


and the magnified sample structure did not have the smooth texture found where there was an abundance of calcium 


carbonate. 


 


OBSERVATIONS 


The results of all 6 samples, two (2) at each Point, are summarized in Figure 3.   


 


Samples taken at Point 1 where the limestone concentration was high had both methods of transport (suspension of 


limestone and soluble limestone, as well as bed load transport). Bed load transport includes larger particles that are 


transported along the stream bed.  The Point 1 area was covered in white limestone powder, see the reference 


photos in the Imagery Section. The limestone powder (Loose Sand Sample), when magnified 40 times, showed the 


loose calcite crystals which are carried as sediment transport.  The magnified Compacted Soil/Solid Sample, where 


precipitation occurred as weak calcitic cement, had a smooth layer and was solid with some crystals encapsulated.  


The silt to coarse grained sand in the samples is entirely limestone, marble, or calcite.  Poor sorting and angular 


nature of sand particles indicate a short transport distance from the source. This area clearly exhibited both the 


suspension of limestone and soluble limestone. 


 


The Compacted Soil/Solid Sample taken at Point 2 had the calcitic cementing of both silt to very fine grained 


polymictic sand and gravel size grains and the precipitated limestone.  Very little limestone powder was found, and 


the Loose Sand Soil Sample exhibited less calcite crystals and more of the wash’s sand sediments. The polymictic 


nature of the Loose Sand (more than one lithology present, though still dominantly limestone), more grain rounding 


(grains sub-angular to sub-rounded), and stronger grain sorting than the samples from Point 1 (silt to very fine-


grained sand overall), indicates further transport distance from the source material.  The results from this area 
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indicate that the sporadic white patches were mostly made up of precipitated limestone and the darker color of the 


sand suggests a decrease in the suspension of limestone powder and its downgradient transport.   


 


Samples taken at Point 3 did not have the noticeable white markings that were indicative of Points 1 and 2.  The 


brown color of the wash was representative of the rest of the area.  The Loose Sand Soil Sample is polymictic, made 


up of fine to coarse grained sub-angular to sub-rounded quartz, feldspar, granitic fragments, and mafic rocks; very 


notably no limestone, marble or calcite grains are observed.  The Compacted Soil/Solid Sample had the texture of 


dried mud and under magnification showed no visual evidence of calcitic cementing with sand. The make-up of the 


Compacted Soil/Solid Sample is very similar to the Loose Sand Soil Sample.   


 


The makeup of the samples from Point 3 indicate that no limestone is carried via sediment transport or suspended 
load from Imerys to this location.   
 


CONCLUSION 


The analysis from the scale of aerial imagery to the microscope analysis of samples indicate that the crushed and 


exposed limestone material from the Imerys quarry does not travel via suspended load nor sediment transport to 


Sample Point 3.   Visible calcite in any form, including precipitated calcite, is not observed at Sample Point 3.    


 


Since the limestone’s signature decreases as the wash moves downgradient from the source point it is evident that 


the storms for over 50 years have not contributed to the transportation of limestone silt beyond the 8 miles.  It can 


then be concluded that at the Santa Cruz River (37 river miles downgradient) there are no fugitive limestone 


contaminants from the source point; neither suspended nor soluble. Therefore, sediment fugitives from the Project 


will not have the ability to be transported to the Santa Cruz River nor to any traditionally navigable water. 


 


 


 


 


Case 4:19-cv-00177-JAS   Document 129-4   Filed 04/29/22   Page 6 of 24







  


 


4 


   Figure 3 – Study Results Summary 
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IMAGERY SECTION 


The google earth imagery dated 12/18/2020 was used in this study. The images illustrates that visually the limestone 


silt can be easily traced. These images are of the washes and where selected at different points throughout the path 


to demonstrate, in more detail, the deposited limestone silt. This silt slowly fades the further it moves downstream 


from the source. At about 8 miles downgradient from the Imerys mine the residue becomes visually unremarkable.  


Some of the points noted on the map also include photos taken at the sampling points for comparison to the google 


imagery at those same areas.  


 


 


 


 


 


 


 


 


  


Point 1 


Google areal imagery indicates most of this area has a top layer of limestone from the Imerys quarry 


(quarry is less than 1 mile away).  Site picture confirms the area is covered with limestone residue. 


 


Point 2 


Site Picture confirms the visual white residue from google map. The road going into the wash is darker than 


the white patches and clearly indicates the limestone traveled downstream and not onto the road. 


  


Point 3 


Site Picture confirms the google areal imagery that there is no visual white silt. The picture to the right is the 


typical soil sediment seen in the area washes. 
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SPECIFIC GRAVITY MEASUREMENTS PER LITHOLOGY AND OXIDATION STATE 
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Bulk Density Chart 
ANVAL VALVES PVT LTD 
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 Material Lbs/cu.ft Kgs/cu.m 
 


 Abrasive Compound 148 2371 
 


 Abrasive Mix 153 2451 
 


 Acetate 35 561 
 


 Acetate Flakes 21 336 
 


 Acrylic Fibres 
 


144 
 


 Acrylic Resin 32 513 
 


 Activated Aluminium 15 240 
 


 Activated Carbon 20 320 
 


 Adipic Acid 40 641 
 


 Alcanol 39 625 
 


 Alfalfa Leaf Meal 15 240 
 


 Alfalfa Meal 17 272 
 


 Alfalfa Meal, Fine Ground 19 304 
 


 Alfalfa Pellets 42 673 
 


 Alfalfa Seed 46 737 
 


 Alumina 40 641 
 


 Alumina Powder 18 288 
 


 Alumina, Activated 48 769 
 


 Alumina, Calcined. 63 1009 
 


 Alumina, Metal Grade 67 1073 
 


 Aluminium Flake 150 2403 
 


 Aluminium Fluoride 55 881 
 


 Aluminium Magnesium Silicate 21 336 
 


 Aluminium Oxide 80 1282 
 


 Aluminium Powder 44 705 
 


 Aluminium Silicate 33 529 
 


 Aluminium Sulphate 65 1041 
 


 Ammonium Bromide 76 1218 
 


 Ammonium Chloride 38 609 
 


 Ammonium Nitrate 49 785 
 


 Ammonium Nitrate Pills 38 609 
 


 Ammonium Perchloride 62 993 
 


 Ammonium Phosphate 55 881 
 


 Ammonium Sulphate 69 1105 
 


 Amorphous Silica 11 176 
 


 Anthracite, Powdered 35 561 
 


 Antimony Oxide 44 705 
 


 Antioxidant (Granules) 41 657 
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 Antioxidant (Powder) 28 449 
 


 Apple Slices Diced 15 240 
 


 Aquafloc 10 160 
 


 Arsenic Trioxide 41 657 
 


 Asbestos 22 352 
 


 Asbestos Fibre 20 320 
 


 Asbestos Powder 28 449 
 


 Ascorbic Acid (Coarse) 45 721 
 


 Ascorbic Acid (Fine) 32 513 
 


 Ash, Ground 105 1682 
 


 Ashes , Dry Loose 38 609 
 


 Ashes , Wet Loose 47 753 
 


 Baking Powder 56 897 
 


 Barbasco Root 33 529 
 


 Barites 120 1922 
 


 Barium Carbonate 55 881 
 


 Barium Oxide 63 1009 
 


 Barium Stearate 13 208 
 


 Barium Sulphate 60 961 
 


 Barley (Whole) 40 641 
 


 Barley Meal 28 449 
 


 Barley, Fine Ground 46 737 
 


 Barley, Ground 25 400 
 


 Barley, Malted 30 481 
 


 Barley, Rolled 23 368 
 


 Barley, Scoured 41 657 
 


 Bauxite 45 721 
 


 Beans (Soya) 46 737 
 


 Beans, White 45 721 
 


 Beet Pulp 18 288 
 


 Bentonite 50 801 
 


 Bicarbonate of Soda 62 993 
 


 Bleach Compound 60 961 
 


 Blood Flour 30 481 
 


 Blood Meal 38.5 617 
 


 Bone Meal Loose 55 881 
 


 Bone, Ground Dry 75 1202 
 


 Borax 60 961 
 


 Boric Acid 54 865 
 


 Bran 35 561 
 


 Brass Powder 100 1602 
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 Bread Crumbs 
 


96 
 


 Brewers Grains (Dry) 16 256 
 


 Bronze Powder 78 1250 
 


 Buckwheat (Whole) 38 609 
 


 Buckwheat Bran 16 256 
 


 Buckwheat Flour 41 657 
 


 Buckwheat Hulls 13 208 
 


 Buckwheat Middlings 22 352 
 


 Buttermilk Dried 31 497 
 


 Cake Mix 44 705 
 


 Calcium 30 481 
 


 Calcium Borate 61 977 
 


 Calcium Carbide, Crushed 80 1282 
 


 Calcium Carbonate 44 705 
 


 Calcium Chloride 60 961 
 


 Calcium Fluoride 102 1634 
 


 Calcium Hydroxide 40 641 
 


 Calcium Phosphate 48 769 
 


 Calcium Silicate 10 160 
 


 Calcium Stearate 20 320 
 


 Calcium Sulphate 45 721 
 


 Cane Seed 41 657 
 


 Carbon (Pelletised) 42 673 
 


 Carbon Activated 17 272 
 


 Carbon Black 35 561 
 


 Carbon Black (Beads) 19 304 
 


 Carbon Black (Pelletised) 22 352 
 


 Carbon Black Graphite 45 721 
 


 Carbon Crystallized 58 929 
 


 Carbon Dust 38 609 
 


 Carbon Granules 59 945 
 


 Casein 36 577 
 


 Caustic Soda 31 497 
 


 Cellulose Acetate 10 160 
 


 Cement 85 1362 
 


 Cement (Portland) 94 1506 
 


 Cement (Portland) Clinker 95 1522 
 


 Cement Dust 50 801 
 


 Ceramic Compound 85 1362 
 


 Cereal Mix 43 689 
 


 Charcoal (Powder) 24 384 
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 Chemco Burnishing Compound 35 561 
 


 Chicory 34 545 
 


 Chicory (Powder) 30 481 
 


 Chilli Spice 45 721 
 


 Chlorine Compound 28 449 
 


 Chlorine Powder 36 577 
 


 Chocolate Drink Mix 26 417 
 


 Chromic Acid Powder 100 1602 
 


 Cinders, Blast Furnace 57 913 
 


 Cinders, Coal, Ashes & Clinker 40 641 
 


 Cinnamon Powder 35 561 
 


 Citric Acid 48 769 
 


 Clay 50 801 
 


 Clay (Bentonite) 50 801 
 


 Clay (Calcined) 30 481 
 


 Clay (Fine) 62 993 
 


 Clay (Fines) 70 1121 
 


 Clay (Granite) 32 513 
 


 Clay (Kaolin) 48 769 
 


 Clinker Dust 90 1442 
 


 Clover Seed 48 769 
 


 Coagulant 36 577 
 


 Coal (Granules) 52 833 
 


 Coal (Pulverized) 38 561 
 


 Coal Anthracite 58 929 
 


 Coal Bituminous 52 641 
 


 Coal Dust 35 561 
 


 Coal Powder 40 641 
 


 Cobalt Carbonate 60 961 
 


 Cobalt Fines 256 4101 
 


 Cocoa 35 561 
 


 Cocoa Flavouring 55 881 
 


 Cocoa Shells 30 481 
 


 Coconut Chips 38 609 
 


 Coffee (Instant) 19 304 
 


 Coffee, Green (Beans) 38 609 
 


 Coffee, Roasted (Beans) 23 368 
 


 Coke (Granules) 52 833 
 


 Coke Dust 15 240 
 


 Coke Fines 39 625 
 


 Coke, Calcined (Course) 56 897 
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 Coke, Calcined (Fines) 59 945 
 


 Coke, Calcined (Intermediate) 59 945 
 


 Coke, Pulverised 45 721 
 


 Copper (Fines) 101 1618 
 


 Copper Hydroxide 25 400 
 


 Copper Sulphate 52 833 
 


 Copra Meal, Loose 27 433 
 


 Cork, Solid 15 240 
 


 Corn Bran 13 208 
 


 Corn Flour 51 817 
 


 Corn Germ Meal 35 561 
 


 Corn Gluten Feed 29 465 
 


 Corn Gluten Meal 37 593 
 


 Corn Grits 42 673 
 


 Corn Mash 45 721 
 


 Corn Meal 40 641 
 


 Corn Oil Meal 34 545 
 


 Corn Starch 42 673 
 


 Corn, (Whole shelled) 45 721 
 


 Corn, Chops (Coarse) 42 673 
 


 Corn, Chops (Fine) 38 609 
 


 Corn, Chops (Medium) 40 641 
 


 Corn, Cracked (Coarse) 40 641 
 


 Corn, Ground 35 561 
 


 Corn, Hominy Feed 27 433 
 


 Corn, Kibbled 21 336 
 


 Cottonseed Cake 42 673 
 


 Cottonseed Delinted 30 481 
 


 Cottonseed Flour 56 897 
 


 Cottonseed Hulls 12 192 
 


 Cottonseed Meats 40 641 
 


 Cryolite 86 1378 
 


 Detergent (Flake) 32 513 
 


 Detergent (Powder) 38 609 
 


 Dextrose 36 577 
 


 Diammonium Phosphate 50 801 
 


 Diatomaceous Earth 16 256 
 


 Diatomite 14 224 
 


 Dicalite 12 192 
 


 Dielectric Compound 45 721 
 


 Distillers Grains 18 288 
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 Dolomite 54 865 
 


 Dolomite Lime 46 737 
 


 Egg Yoke Powder 23 368 
 


 Eggs (Powdered) 22 352 
 


 Electrolyte 60 961 
 


 Epoxy Powder 49 785 
 


 Ferric Chloride 43 689 
 


 Ferric Sulphate 61 977 
 


 Ferro Silicate 78 1250 
 


 Ferro Silicon 87 1394 
 


 Ferrous Carbonate 87 1394 
 


 Fibreglass 22 352 
 


 Filter Cake (Centrifuge) 40 641 
 


 Fish meal 38 609 
 


 Flaxseed 44 705 
 


 Flint 97 1554 
 


 Floc 13 208 
 


 Floc (Solka) 
 


144 
 


 Flour 48 769 
 


 Flour (Barley Malt) 45 721 
 


 Flour (Barley) 38 609 
 


 Flour (Corn) 39 625 
 


 Flour (Rye) 42 673 
 


 Flour (Soy) 44 705 
 


 Flour (Soya) 40 641 
 


 Flour (Wheat) 42 673 
 


 Fluorite 78 1250 
 


 Fluorspar 112 1794 
 


 Flux 145 2323 
 


 Fly Ash 65 1041 
 


 Fullers Earth 35 561 
 


 Fumaric Acid 40 641 
 


 Garlic (Flakes) 22 352 
 


 Garlic (Powder) 20 320 
 


 Gelatine 45 721 
 


 Glass (Ground) 103 1650 
 


 Glass (Powder) 103 1650 
 


 Glass Beads 100 1602 
 


 Glass Microspheres 62 993 
 


 Gold Powder 53 849 
 


 Grain 36 577 
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 Granite, Crushed 97 1554 
 


 Graphite 48 769 
 


 Graphite (Flakes) 42 673 
 


 Graphite (Granules) 68 1089 
 


 Graphite (Powder) 35 561 
 


 Graphite (Pulverized) 22 352 
 


 Gravel 110 1762 
 


 Grinding Compound 99 1586 
 


 Ground Bone 50 801 
 


 Gum Base 42 673 
 


 Gum Granules 36 577 
 


 Gum Resin 32 513 
 


 Gypsum 54 865 
 


 Gypsum (Calcined) 55 881 
 


 Gypsum (Ground) 42 673 
 


 Ice, Crushed 40 641 
 


 Iron Chromite 114 1826 
 


 Iron Fillings 180 2884 
 


 Iron Ore 162 2595 
 


 Iron Oxide 80 1282 
 


 Iron Oxide (Black) 161 2579 
 


 Iron Oxide (Red) 69 1105 
 


 Iron Powder 175 2804 
 


 Iron Sulphate 80 1282 
 


 Kaolin 49 785 
 


 Kaolin Clay 50 801 
 


 Latex Powder 89 1426 
 


 Lead Arsenate 90 1442 
 


 Lead Carbonate 81 1298 
 


 Lead Chloride Crystals 72 1153 
 


 Lead Oxide 63 1009 
 


 Lead Stabilizer 43 689 
 


 Ligno Sulfinate 30 481 
 


 Lignone 36 577 
 


 Lignosol 24 384 
 


 Lime 35 561 
 


 Lime (Dolomitic) 42 673 
 


 Lime (Granular) 80 1282 
 


 Lime (Hydrated) 40 641 
 


 Lime (Pebble) 45 721 
 


 Lime (Pulverised Quick) 60 961 
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 Lime (Quick) 55 881 
 


 Limestone 60 961 
 


 Limestone (Ground) 59 945 
 


 Limestone (Pulverised) 68 1089 
 


 Limestone Dust 69 1105 
 


 Limestone Filler 63 1009 
 


 Limestone Flour 69 1105 
 


 Linseed Meal 25 400 
 


 Liquorice Powder 28 449 
 


 Magnesia 78 1250 
 


 Magnesite 27 433 
 


 Magnesite Light 40 641 
 


 Magnesium Carbonate 12 192 
 


 Magnesium Chips 60 961 
 


 Magnesium Chloride 12 192 
 


 Magnesium Hydroxide 39 625 
 


 Magnesium Oxide 65 1041 
 


 Magnesium Silicate 58 929 
 


 Magnesium Stearate 21 336 
 


 Magnesium Sulphate 52 833 
 


 Magnetite 165 2643 
 


 Malted Barley Flour 40 641 
 


 Malted Wheat Flour 41 657 
 


 Manganese Dioxide 70 1121 
 


 Manganese Ore 110 1762 
 


 Mannitol 38 609 
 


 Marble (Granular) 80 1282 
 


 Marble (Ground) 93 1490 
 


 Meat Meal 37 593 
 


 Melamine 45 721 
 


 Melamine Powder 32 513 
 


 Metallic Flakes 35 561 
 


 Metallic Powder 165 2643 
 


 Metasol 38 609 
 


 Mica (Flakes) 10 160 
 


 Mica (Powder) 41 657 
 


 Milk (Powdered Whole) 35 561 
 


 Milk (Powdered) 13 208 
 


 Milk (Whole) 32 513 
 


 Millet 40 641 
 


 Milo, Ground 34 545 
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 Molasses Feed 22 352 
 


 Molding Sand 75 1202 
 


 Molybdenum Disulfide 44 705 
 


 Molybdenum Oxide 98 1570 
 


 Molybdi Oxide 16 256 
 


 Monosodium Phosphate 55 881 
 


 Naphthalene Flakes 36 577 
 


 Natrosol 28 449 
 


 Nickel 60 961 
 


 Nickel Oxide 28 449 
 


 Nickel Powder 75 1202 
 


 Nuts (Almond) 29 465 
 


 Nuts (Cashews) 31 497 
 


 Nuts (Peanuts) 33 529 
 


 Nylon Fibres 10 160 
 


 Nylon Flakes 32 513 
 


 Nylon Pellets (1/8") 35 561 
 


 Nylon Powder 39 625 
 


 Oat Flour 33 529 
 


 Oat Middlings 38 609 
 


 Oats 27 433 
 


 Oats (Ground) 29 465 
 


 Oats (Rolled) 22 352 
 


 Oats Groats (Whole) 46.5 745 
 


 Oats, Hulls 
 


128 
 


 Onions (Chopped) 14 224 
 


 Onions (Minced) 
 


128 
 


 Onions (Powdered) 25 400 
 


 Oxalic Acid 52 833 
 


 Oxychloride 36 577 
 


 Oyster Shell (Ground, - 0.5") 53 849 
 


 Peanut Brittle 36 577 
 


 Peanut Meal 28 449 
 


 Peanuts (Shelled) 43 689 
 


 Peanuts (Unshelled) 21 336 
 


 Peat Moss 10 160 
 


 Peppermint Powder 34 545 
 


 Peppers (Chopped) 21 336 
 


 Peppers (Whole) 16 256 
 


 Perlite 15 240 
 


 Perlite filter Aid 
 


128 
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 Perlite Ore 65 1041 
 


 Petroleum Coke 55 881 
 


 Petroleum Coke Dust 25 400 
 


 Phenofil 30 481 
 


 Phenol Formaldehyde 30 481 
 


 Phenolic Powder 32 513 
 


 Phosphate 80 1282 
 


 Phosphate Rock Crushed 69 1105 
 


 Phosphate Rock Dust 90 1442 
 


 Phosphate Rock ground 70 1121 
 


 Plaster Of Paris 49 785 
 


 Plastic (Beads) 46 737 
 


 Plastic (Cubes) 38 609 
 


 Plastic (Flakes) 48 769 
 


 Plastic (Pellets) 45 721 
 


 Plastic Powder 42 673 
 


 Plastic Resin 40 641 
 


 Polyamide Resin 31 497 
 


 Polycarbonate Resin 44 705 
 


 Polyester Adhesive Powder 30 481 
 


 Polyester Flakes 27 433 
 


 Polyester Resin 34 545 
 


 Polyethylene 43 689 
 


 Polyethylene Beads 42 673 
 


 Polyethylene Film 
 


128 
 


 Polyethylene Flakes 
 


96 
 


 Polyethylene Granular 30 481 
 


 Polyethylene Pellets 35 561 
 


 Polyethylene Powder 35 561 
 


 Polyhedral Alcohol 37 593 
 


 Polymer 20 320 
 


 Polymer Reagent 39 625 
 


 Polymer Resin 38 609 
 


 Polypropylene 30 481 
 


 Polypropylene Pellets 32 513 
 


 Polypropylene Powder 33 529 
 


 Polypropylene Flakes 22 352 
 


 Polystyrene Beads 40 641 
 


 Polystyrene Pellets 38 609 
 


 Polystyrene Powder 33 529 
 


 Polyurethane Pellets 45 721 
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 Polyvinyl Acetate 39 625 
 


 Polyvinyl Alcohol 39 625 
 


 Polyvinyl Chloride 41 657 
 


 Polyvinyl Chloride Pellets 39 625 
 


 Potassium Bromide (5%Moist) 114 1826 
 


 Potassium Carbonate (Potash) 74 1185 
 


 Potassium Chloride 60 961 
 


 Potassium Iodate 129 2067 
 


 Potassium Muriate 66 1057 
 


 Potassium Sulphate 90 1442 
 


 Potatoes (Flakes) 13 208 
 


 Potatoes (Powdered) 48 769 
 


 Potting Soil 16 256 
 


 Poultry Meal 36 577 
 


 Powdered Sugar 35 561 
 


 Pumice Powder 39 625 
 


 PVC Chips 54 865 
 


 PVC Resin 32 513 
 


 Raisins (Moist) 38 609 
 


 Rapeseed 48.3 774 
 


 Red Lead 165 2643 
 


 Red Oxide Pigment 72 1153 
 


 Rice 45 721 
 


 Rice (Puffed) 
 


96 
 


 Rice Bran 26 417 
 


 Rock Salt 68 1089 
 


 Rubber (Granules) 28 449 
 


 Rubber Composition Powder 34 545 
 


 Rubber Compound 38 609 
 


 Rubber Crumb 22 352 
 


 Rubber Foam (Chopped) 
 


48 
 


 Rubber Powder 33 529 
 


 Rye Bran 18 288 
 


 Rye Feed 33 529 
 


 Rye, Malted 32 513 
 


 Rye, Middlings 42 673 
 


 Rye, Shorts 33 529 
 


 Rye, Whole 44 705 
 


 Salt, Fine Table 86 1378 
 


 Salt, Granulated 80 1282 
 


 Sand 99 1586 
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 Sand (Dry) 110 1762 
 


 Sand (Fine) 125 2002 
 


 Sand (Foundry) 100 1602 
 


 Sand (Moist) 130 2083 
 


 Sand (Molding) 78 1250 
 


 Sand Foundry, Coarse 96 1538 
 


 Sand Foundry, Fine 104 1666 
 


 Sawdust (Coarse) 25 400 
 


 Sawdust (Fine) 18 288 
 


 Sawdust (Moist) 28 449 
 


 Seed (Grass) 40 641 
 


 Shellac Resin 81 1298 
 


 Silica Flour 80 1282 
 


 Silica Gel 42 673 
 


 Silica Sand 81 1298 
 


 Silicon Carbide 45 721 
 


 Silicon Dioxide 
 


48 
 


 Silver (Powder) 69 1105 
 


 Slate (Crushed) 100 1602 
 


 Soap Flakes 29 465 
 


 Soap Powder 36 577 
 


 Soapstone 47 753 
 


 Soda Ash 54 865 
 


 Soda Ash-Iron Chromite 77 1234 
 


 Sodium Aluminate 61 977 
 


 Sodium Benzoate 47 753 
 


 Sodium Bicarbonate 50 801 
 


 Sodium Bisulphate 90 1442 
 


 Sodium Borate 77 1234 
 


 Sodium Caseinate 21 336 
 


 Sodium Chloride 80 1282 
 


 Sodium Chloride 83 1330 
 


 Sodium Hydrosulphate 70 1121 
 


 Sodium Hydrosulphite 73 1169 
 


 Sodium Hydroxide 60 961 
 


 Sodium Metasilicafe 70 1121 
 


 Sodium Naptholine Sulph. 27 433 
 


 Sodium Nitrate 84 1346 
 


 Sodium Perborate 53 849 
 


 Sodium Pyrophosphate 63 1009 
 


 Sodium Silicate 32 513 
 


Case 4:19-cv-00177-JAS   Document 129-4   Filed 04/29/22   Page 22 of 24







 


 


 


 


 


 


 


 


 


 


 


 


 Sodium Sulphate 85 1362 
 


 Sodium Sulphite 102 1634 
 


 Sodium Thiosulfate 55 881 
 


 Sodium Tripolyphosphate 60 961 
 


 Soybean Flakes 36 577 
 


 Soybean Hulls 25 400 
 


 Soybean Meal 40 641 
 


 Starch (Corn) 43 689 
 


 Stearic Acid (Flakes) 32 513 
 


 Stearic Acid (Powder) 36 577 
 


 Styrene Beads 45 721 
 


 Sucrose 53 849 
 


 Sucrose Octoacetate 33 529 
 


 Sugar (Beet) 50 801 
 


 Sugar (Dextrose) 39 625 
 


 Sugar (Granulated) 44 705 
 


 Sugar (Powdered) 35 561 
 


 Sulphur 45 721 
 


 Sulphur (Granular) 70 1121 
 


 Sunflower Seed 38 609 
 


 Talcum Powder 55 881 
 


 Tantalum Powder 40 641 
 


 Tea 27 433 
 


 Tea (Flakes) 24 384 
 


 Tea (Powdered) 27 433 
 


 Teflon (Fibre) 30 481 
 


 Teflon (Granules) 36 577 
 


 Teflon (Powdered) 29 465 
 


 Teflon Pellets 60 961 
 


 Terepthalic Acid 30 481 
 


 Thiamine 47 753 
 


 Thionex 30 481 
 


 Thorium Oxide 62 993 
 


 Titanium Dioxide 48 769 
 


 Tobacco (Cigarette) 12 192 
 


 Tobacco (Powdered) 28 449 
 


 Tricalcium Phosphate 35 561 
 


 Trichicrocyanuric Acid 50 801 
 


 Tripolyphosphate 80 1282 
 


 Trisodium Phosphate 50 801 
 


 Tumaric (Acid Fines) 51 817 
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 Tungsten Carbide 250 4005 
 


 Uranium (Compound) 191 3060 
 


 Uranium (Granules) 184 2948 
 


 Uranium Oxide 108 1730 
 


 Urea 42 673 
 


 Urea Formaldehyde 36 577 
 


 Urea Powder 39 625 
 


 Urea Prills 45 721 
 


 Vermiculite 62 993 
 


 Vinyl Acetate 36 577 
 


 Vinyl Chips (Irregular) 20 320 
 


 Vinyl Compound 36 577 
 


 Vinyl Powder 34 545 
 


 Vinyl Resin 36 577 
 


 Wax (Flake) 50 801 
 


 Wax (Powder) 38 609 
 


 Wheat (Hulls) 44 705 
 


 Wheat (Shaved) 34 545 
 


 Wheat Flour 30 481 
 


 Wheat Gluten 43 689 
 


 Wheat Middling 15 240 
 


 Wheat, Cracked 35 561 
 


 Wheat, Whole 49 785 
 


 Whey 35 561 
 


 White Lead 85 1362 
 


 Wood Chips 30 481 
 


 Wood Flour 20 320 
 


 Wood Shavings 10 160 
 


 Yeast 59 945 
 


 Zinc Ammonium Chloride 66 1057 
 


 Zinc Carbonate 35 561 
 


 Zinc Oxide 55 881 
 


 Zinc Powder 210 3364 
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